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1.0 INTRCDUCTION AND SUMMARY

This report summarizes the design of a radiation-hardened pbhoto-
detector circuit by the Harris Semiconductor Programs Division for the
Defense Nuclear Agency's DINS Program (Contract DNA 001-78-C-0356). The DINS
photodetectar is a two channel detector/amplifier which detects ring laser gyro
optica.lszgna.ls(e.‘:’zsﬁ). This is achieved by using three stages of signal con-
version. The first stage is a photodiode which detects the incaming laser
light signal and converts it to a small current. The second stage amplifies
and converts this current to a small signal voltage. Finally, the third stage
amplifies this small signal voltage to the cutput voltage level required.

Contained herein is a design description of tbe photodiode required
for the photodetector. Reasons will be presented to explain the two die nature
of the design. One die contains the input photodiodes plus large gain setting
resistors while the second die contains the overall preamplifier circuit.

Also following is the description of the preamplifier circuit which amplifies
the output signal of the photodiode. Analyses of the proposed circuit bhave
been performed by the SPICE II circuit simulation program which include DC, AC,
Pre and Post radiation similations over temperature and process variatioms.

The design effort is now camplete and Harris is proceeding with the devel-
omment of the DINS photodetector into topological design and prototype fabri-
cation.
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2.0 DESIGN HBEQUIHEMENTS

The design requirenents of the DINS photo detector system are
emmerated as follows:

~ The system shall receive a 300 nanowatt, min.)mgsignaltrmaringlaser
gyro and convert it to a level in the hundreds of millivolts. It must do so in
the presence of transient gamma radiation of the spetification level and also
after the exposure to neutron fluence of the specified level.

-~ The system shall have an adequate signal-to-noise ratio such that the input
signal is not masked by the noise generated during a transient gamma event.

- Assumning the specified photodiode responsivity requirement of .44 Amps/Watt
tbhe presmplifier shall have a transimpedance gain of 3 megohms.

- The overall system bandwidth shall be a minimmn of 1 megahertz.

- The preamplifier shall be capable of driving a capacitive load (i.e. coaxial
cable).

~ The preamplifier shall have short-circuit protectiom.
- Amnxinnnof: 20 volts of supply voltage may be used.
- mmtmtmmrmesm;be#cmﬂzs%.

T i) g o |

I i o Ot s

PR SEh oy s




3.0 TECHENICAL APPRCACH
3.1 Shown in Figure 1 is the overall systen functicnal diagram of the DINS

photodetector. The system has been divided into two chips, a pcotcd.ode chip
and an amplifier chip. The photodicde chip also ccntains “cur 3CK olm resistors
#hich set the gain of the first stage of amplification. A total of eight caip
to chip bend wires shall be required and Zive bcnd wires shall be btrought out to i
the package. (Figure 2). !

3.2 Circuit Partiticning

In order to obtain a2 1 to 1 or better signal to noise ratio under )
minimm drive conditions (300 nancwatts), it is necessary to recduce thke noise |
as much as possible without sacrificing photodiode responsivity. The main ncise
contribuzers in the system are the pbotocurrents procuced oty the protodiodes
during a transient gamma event. Although these photocurrents are applied cammon
mode to the preamplifier by using an identical masked photodiode to the non-
inverting input, any mismatch in these currents will be applied as a differ-
ential signal a.nd therefore show up in the output as tke major noise contritutor.

Transient IPP (primary photocurrent) is a direct function of the photo-
diode's total volume since the generation rate gE(, ) is lipnear with the depth of

the island. However, the input laser signal is exponentially 2ttenuated by the
absorption coefficient of the material. Therefore it is the photodiode's area
which will directly influence its responsivity. Based on these facts it is
evident that the photodiode should have a thin structure with sufficient area for
the required reSpons1v1ty In this way ary mismatch in photocurrents will be min--
imized by minimizing the total photocurrent.

An island thickness of 2.54 um was chosen to maintain a small total T
volune. However this wculd be incampatible with bipolar transistor fabrication.
Therefore the two die approach shown in Figure 1 was chosen. Trhe four 3CK obm
resistors were chosen to go on the photodiode chip since their fabrication would
be more campact using a higher sheet resistivity than the 250 chm/square of the
amplifier chip. A sheet resistivity of 1000 olmm/square will be used for these
resistors. '




SYSTEM FUNCTIONAL DIAGRAM
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BONDING REQUIHEMENTS
CHIP TO CHIP BOND WIRES

- Chamnel 1 Stage A4, output to ™esistor RF1
- Coanpel 2 Stage A, output to resistor RF1”

- Channel 1 positive input to photodiode D) and resistor R1S
- Channel 2 positive input to photodiode D] and resistor R15
- Channel 1 negative input to photodiode D, and resistor EF1
- Channel 2 negative input to photodiode D and resistor RF1
- System ground

- System negative power supply V™

7’

= 8 Total chip to chip bonds

CHIP TO PACKAGE BOND WIRES
No bond wires are required from the photodiode chip.
Fram the amplifier chip are required:
- System positive power supply v"'
~ System negative power supply V~
-mq:ttofcmmellvm
-Qx‘l:plrtofcmnnelzv&t
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3.3 Gain Partitioning

In designing a radiation-hardened preamplifier with an overall gain-
bandwidth product as large the one required here, it is important that adequate
consideration be given to the distribution of the overall preamplifier gain.
The gain of the preamplifier is 3 megolms of transimpedance under worst case
tamperature and process variability conditions. This worst case criteria also
applitothespecitiedlmgahe;tzbnndwidthpamter. Process variability for
both resistors and capacitors is - 10%. The worst case gain situation will occur
at low temperature cambined with both low resistors and capacitors. This implies
(fram simlations) that a nominel element, roam temperature gain of 4 megobms
will be necessary. Likewise for bandwidth, a nominal figure of 2 megahertz was
chosen to guard band against its worst case situation, which will occur at high
temperature cambined with both high resistors and capacitors.

Achieving a gain-bandwidth product of this magnitude is not feasible
using only a single stage due to stability comsiderations. Therefore a two
stage approach was chogen. Figure 3 shows the partitioning. The resistor names
are those of the overall circuit. The value of transimpedance of stage A1 (30K)
and gain of stage Ag (133) are values that require realistic gain-bandwidth
products. Simulations show that under this configuration over 45° of phase mar-
gin can be obtained fram each stage.

A second cansideration is the amplifier's worst case input offset con-
dition. The output level shift caused by this offset must still allow for the
required maximm ocutput voltage swing, which in this case is about half of a volt.

There are two types of offsets that can be generated at the inmputs. Each
stage has an inherent voltage offset due to Vpp mismtches in each respective in-
put stage. This offset woltage appears at the ocutput amplified by the voltage
¥ain of the stage. In additiomn, beta degradation and mismatch post-peutron can
cause cuwrrents (Figure 2) 11(+)and11(_)todiﬂerbyasmchasm. These

currents which appear across the respective impedances seen at the input ports
will generate an additional offset voltage which is

vOs-11(+)om.5-11(_)om

The DC voltage gain of transimpedance Aj is unity. Therefore, this
offset voltage appears at the output multiplied by the voltage gain of Ap which
is 133. This same current induced voltage offset will occur at the imput of Ag,
however here the impedances seen by the input differential pair is only about 100
olms so the voltage generated across them is small.

NPA betas may fall to 30 and PNP betas to 15 at the specified neutron
level. Therefore:

AIloRFl- .44ua x 30K = 13.2 mV (current induced offset)
A120331-2.4uax100- 24 oV (current induced offset)
Av101_<_ 10 oV

3
i V1, < 10 mv
334wV Total Vi
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total offset voltage multiplied by the voltage gain of the

The
second stage brings the output voltage to 4.4 volts. Therefore a one half
volt swing will not be a problem.
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3.4 DIELECTRICALLY ISOLATED P+ - N~ - N+ PHOTCDICDE

3.4.1 Theoretical Analysis of Silicon P+ -N~ -N+ Photodiode for 63282
Laser Detection.

3.4.1.1 Theoretical Analysis of Quantum Yield and Photocurrent:

The theoretical analysis of the photo response for a silicon
p+ -0~ - n+ photodiode based on the structure shown in Figure 3.4.1a is pre-
this report. The photodiode structure consists of a p+ implanted
about 0.15um thick, and n- layer of 4fi-cm and 2.5um thick, and an n+
layer of about 2.5um.

¥

spectral response of the photocurrent and quantum yield for
this photodiode is analyzed as follows:

Figure 3.4.1b shows a schematic diagram of the p+ -n~ -n+ photodiode
under reverse bias conditions. Let us consider a HBe-Ne laser (63288) imping-
ing on the p+ surface at y = 0. The rate of generation of photocarriers is
given by

= sy
gg (¥) = 9o, (-R) e (1)

where ¢ is the incident photon flux density, R is the reflection coefficient
of silicen.
Under steady state conditions, the total photocurrent density, Jph’

produced by the incident photons is the sum of the electron and the hole
current camponents at any cross section of the photodiode, which can be ex-
pressed by:

Tp=Jy GO)*+ I, () = I, Y+, (P + T, (D)

Ji = Jp (yo) - Jp ¥1) (3) \
In Eq. (2), Jn (yo) denotes the electron current density at y = yo,

Jp (v1) istheholecm'rentdensityeva.luatedaty-ylandJiistheccmponent

of the hole current density arising from the carrier genmeration in the intrimsic
region (i.e., n* - region). To find the function dependence of the photocurrent
and the quantum yield, we need to express Jn (yo), Jp (y1), and Ji as functions

of °o’ a, (yl-yo), and Yo Detailed derivation of tbe photocirrent in each of
these three regions (i.e., O<y<y,, ¥,<y<y;, and y;<y<V,) have been given by Li

and Lindholm {1} for a silicon p-i-n photodiode, which is applicable to the
present case., Thus, the pbotocurrent demsity for a photodiode shown in Figure
3.4.1b can be expressed by {1}:




J

2
L
and the quantum yield for the photodiode is given by:
n= '
a®,

= (3-R) ‘

z;ﬁT%;- - () ) -

'GYO -ay.
ph'Q‘Do(l-R) {-Eﬁ:—- [1—cosh <%> e ]'§m](y)+;ﬂ;§ 4)

(5)

Equation (5) reduces to that of "G;i:t'tner's exptressim"ir Y and R are set equal

to zero {2}.

Now we can apply equations (4) and (5) to campute the photocurrent and quantum
yield in a p+ -n~ -p+ photodiode shown in Figure 1. The specifications for the

photodiode studied in this report are given as follows:

Diode Area: 4y =39.3 w12 = 2.456x107% o

Junction Depth: (p+ - Layer) Vo ™ O.Lum = lo"san

Dopant Density: o~ - Layer + K = 101> >, Pe=dacm

Thickness: n -~ Layer -+ VY, = 2.5@2.&&0’4@
Buried layer 1% 2.5ym = 2.&:10'4@1

(n+ - Layer)

Thickness:

Incident Photon  Pin = 3000W, o_ = 3.89x10%° Photons/en®

Incident Photon xo-eazeﬂ-o.eszsm ,

ion at A_ in Si=$ o = 3.5x10° ant

Hole Diffusion Lp’-' 0.01 em

Electron Diffu- L ¥ 10 cm
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Substituting the above listed mumerical values for different parameters in Egs.
(4) and (5) yields:

T 0.543m4/cm?, and n = 0.873

= -7 =
Ip = 1.33x1074 for Py = 300ow

The above results are obtained by assuming that the reflection loss is neglig-
ible at the surface of the photodiode.

Table 1 sumarizes the calculated values of photocurrent, quantum yield and
responsivity (assuning R = O) of a silicomn p+ = n - n+ photodiode for different
Jjunction depths (i.e., different thicknesses of the p+ layer) with p:l.n = 300nW.

Table 1. - Thecretical calculations of the photocurrent, quantum yield, and the

respoosivity of a silicon p+ -o— - o+ for different junction
depths (y,). The incident laser beam ( ) intensity is assumed
equal to W.
Junction Depth Photocurrent Quantum Yield (n ) Responsivity
(¥,) wm 1, (o) (4/W)

0.10 133 0.873 0.44

0.15 132 0.865 0.44

0.20 131 0.856 0.437

0.25 130 0.848 0.433

0.30 128 0.84 0.426

0.40 126 0.825 0.42

0.50 124 0.809 0.413

It is noted that the above calculations are based on the asstmptions that the
reflection loss is negligible and the dopant densities in both p+ -~ and n™ -
layer are fixed. A change in the dopant demsity in both p+ - and n~ - .layer would
in general change the quantum yield as well as responsivity of the photodiode.

3.4.1.2 ANTIREFLECTION (AR) COATINGS

In order to reduce the reflection loss at the silicon photodiode surface,
it is important to incorporate the AR coatings in the design of photodiode.
Theoretical considerations for the AR coatings in a silicon p+ - n~ - o+ photo-
diode are described as follows: J

1.0. Single Layer AR Coating

To achieve a minimm reflection loss, a single layer dielectric f£ilm can be
coated on top of the photodiode. Dielectric films cammonly used in AR coatings
include SiO Si0, A1203, Tioz Ta2 , and Si3N4. To obtain minimmm reflection %

1oss, thethiclm&ofthedielecu'icfﬂmmbechosentobeeqmltoqmrter
wavelength of the incident photon. For examples, if 8102 £ilm is chosen, then

15




with o, = 1.5 for Si0, and ), = )4 = o-emﬂ-losﬁ
=2 x5
4y
H813N4ischosen,tha1withn1=2.0,d1-63288-7818

The reflection loss can be calculated fram

fata ~ [mf-nonz) ] @
—_—
(n1%n n,)
lhaenlistbeinda:o!mtractionofthedielectric £1ilm, noistheindecof
retracticnota.ira.ndnzisfarsiliccn.

FortbecaseotSiOz-Sisystenthereﬂectionlosisonlyabo.rc?‘,’owhenumﬂ
S:I.O2 is deposited an silicon photodiode. For S:L3N4 - Si case reflection loss is
cnly 0.016% if 800R S1N, AR coating is used!

The above theoretical calculations show clearly that the reflection loss in a

silicon photodiode can be reduced to near zero by simply employing a single lay-
er of dielectric film (i.e., S:i.02, or Si3N4) as AR coating on the silicon photodic

2.0. Double layer AR Coating

In addition to the single layer AR coating, one can also use double layer AR coat-
ing. 1In this case, two different types of dielectric film each with a quarter
wavelength thick can be applied to the photodiode surface as AR coating. The
minimum reflection loss can be calculated by using the expression:

2

Rosn 7 - '8, @)
ny°ng *+ By°1, ‘

Wherenoistheinda:ofrerractionofa.ir,nlistheindexofrefractionforthe
ﬁ.rstARcoatinglayerandnzisfortbesecondeoatinglayer,andn3istheinda:
of refraction for the silicon substrate.

IfthethicknessofSiOzandSi3N4ARcoati.ngswerechosentobeiwavelengthof'

incident tion, then the thickn of these two layers are given respectively
by d1 = (for s102) and d2 = 7 (for S:L3N4), and the reflection loss cal-

culated fram Eq. (7) is 0.14 which is considerably higher than the single layer
AR coatings calculated earlier.

Table .2. Summarizes the calculations of AR coatings for the silicon p+ - n -or+
photodiode reported here.

16
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Thickness Minimwm Reflection loss Refractive

Dielectric Film a (X) R (at 6328R) Index |
si0, 1055 % 1.5 "
SL.N, 781 0.016% 2.0

TagOg 703 0.3% 2.25

S10,/Si.N, 1055/781 14% 1.5/2.0

Table 2 - Single layer and double layer AR coatings for silicon p+ -n~ -+
photodiode.

3.4.1.3 SIMMARY

In this report, we have shown theoretically that a respomsivity of
around 0.45 A/W can be achieved by using the proposed gemetry and structure in
the p+ -n - n+ silicon photodiode . The reflection loss can be minimized to a
negligible level if a single layer dielectric film such as 8102 or 813N4 with

thickness equal to the quarter wavelength of the laser radiation is used as AR
coating for the photodiode.

EEFERENCES

1. S. S.1d and F. A. Lindholm, "Quantum Yield of a p-i-n photodiode",
Phys. Stat. Sol. (a) 15, 237 (1973).
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(1) Reverse Leakage CQurrent (IR):

The reverse leakage current in the p+ -n~ -n+ photodiode can be cal-
culated fram

E 3
I an; %4y (14)
i
Whuweniistheintr:l.nsiccanierdmsity,wDisthedepletimlayerwidth,A

J
isthe:}tmctionarea,andtiisthecanierliietime.
For large reverse bias WJ§-4.2V), the depletion layer width is given by

Wy = W = 2.5m
If t, > 100 ns = 107's, then
I, =1.6x10°x1.4x1200x25x10%x 2456 x 10~
2x 10']r
= 6.877 x 10710, at 300K

(ii) Junction Capacitance of the p+ -n  -n+ Photodiode

The junction capacitance for the p+ -n~ -n+ photodiode can be calculated

from
A, C
C-_.J._Jo_
1 -7, \ B
( 1) 3 (BL)
%
where
A, = 2.456 x 107% em?

J

N
o -(m)l <N>-0.5756V
a/ n (g5

Cpo = (a €N ?e1.2x10° Fa?
20y
cy= 31 @ TF ®)

J

where v:J is the bias voltage.
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For example :
at V:j = -10V, CJ. = 0.T2pF.
The capacitance due to SiO2 isolation around the photodiode can be estimated by
Cr = Ak (B)
1:c:x

where €y = 4, Ap = 2.775 x 107 e, t__ = 1.8um

CI=0.546pF

(ii4.) Gamma Radiation Current (Ipp)

The gamma radiation current can be calculated fram the following ex-
pression:

" .
]’PpsqgoAj (Wp+L) Y (1)

——

whereg°=4x1013/Rad

For the p+ -n~ -n+ photodiode considered, wp = W, = 2.5um, the effective diffusion
length in the baried layer is essentially the thickness of this layer (WBL), thus

. Lw

= 2.5m
and

Lp/¥ = 0.81 PA/rad/S
If ¢ = 10’ Rads/S tben

Lp = 8.1
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3.4.2 TOPOLOGICAL DESIGN OF A STLION p+ - n” -n' _PROTCDICDE

4 test chip was designed with various geametry photodiodes to deter-
mine an optimum performance design compatible with existing process capabil-
ities. Three pairs of diodes were designed on the test chip; a pair consist-
ingo:f.'anopendiodefordetectingaﬁSZBﬁHehNelasera.ndanidenticalgean-
etry dark diode, masked from the laser with alumimim, for radiation photocurrent
campensation. This section describes the three designs and the advantages and
disadvantages of each.

Photodiode Design #1: Stepped D.I.

Figure 3.4.2 shows the stepped D.I. design. The dielectric isolation pattern of
this design was stepped, anticipatipg that the natural corner rounding which
occurs during the anisotropic silicon etch (moat etch) would result in a cir-
cular shaped island. Bowever tbe etch time required to etch the shallow island
(0.2 -~ 0.3 mil) resulted in only minimal cormer rounding. As a result, the
final island geametry closely replicates the drawn island geametry as shown in
the design.

The anode is a 5.0 mil radius semicircle with 0.2 mil spacing between the anode
aperture and the minimmm D.I. island. P+ contact to the anode is made via a

0.6 by 9.0 mil aperture along the diameter of the samicircle. The N+ contact

to the catbode is a 0.6 by 0.6 mil aperture spaced 0.3 mil from tbe anode aperture.

Photodiode Design #2: Stepped D.I. with N+ Ring

The stepped D.I. with N+ ring design is shown in Figure 3.4.3. Additional steps
were added in the dielectric isolation pattern to determine if the cornmer round-
ing effect with the additiopal steps would result in a more uniform semicircular
pattern. Bowever as in the previous design the minimal required etch time re-
sulted in the final island gecmetry being very similar to the design island ge-
anetry.

The anode of this design is identical to the previous design.

A 0.4 mil W ring spaced 0.3 mil from the anode was designed for the cathode con-
tact. This ring provides a lower resistance cathode comtact to enhance the effic-
iency of the diode. The disadvantage of this design is that the addition of the
M+ ring increases the total island volume over the previous design which could
result in an increase in radiation induced photocurrent. The trade-off to be
evaluated then is improved photodicde performance vs. radiation hardness.

Photodiode Design #3: Circular D. I. Island

The circular D.I. island design is shown in Figure 3.4.4. This design was included
to study the feasibility of anisotropically etching a circular pattern at the
dielectric isolation photoresist and moat etch process steps.

No significant problems were encountered on the first run at the D.1. photoresist
and moat etch steps. In fact the final island gecmetry was very close to the
designed geametry.

The anode, anode contact and cathode contact were identical to Design #1.
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3.4.3 Process Description

This section describes tbe process employed to fabricate the photo-
diodes. Both the dielectric isolated materials process and the frontside wafer
fahrication process will be described as well as the process permutations em-
ployed on the first mm of photodiodes.

3.4.3.1 Materials Fabrication Process

1.0 Starting Substrate:
Resistivity: 3-5 obm-cmr N-type
Orientation: <1-0-0>
Background Concentration: ~100° cm >
Diameter: 3 - inch
2.0 Buried layer Formation:
After the buried layer pattern is defined in the
buried layer is formed via a two step ion implantation and diffusion operation.
The final buried layer process parameters are:
@s =25 oms/sq.

X, =2.5y

J
C, w4x 10%° 3
3.0 Dielectric Formatiom: E
The dielectric isolation is delineated in the field oxide followed by
an anisotropic silicon etch to form the isolation moats. The precise geametry ,
of the moats is defined by the isolation photoresist pattern and the fact that ’
the etch proceeds down the <1-1-1> plane. Following the moat etch, the dielectric
cxide is thermally grown.
t — 1.0y
4.0 Polycrystalline Silicon Deposition:

The polycrystalline silicon is chemically vapor deposited to achieve
the final substrate thickness of ~ 25 mils.

5.0 Final Polish:

[ The wafers are them chemically-mechanically polished to the speci-
: fied isolated island thickness of § - 7.5 microms.

3.4.3.2 Wafer Fabrication Process

E 1.0 1Initial Oxidation:

A The first step in the wafer fabrication process is a thermal cxidation
g to grow the field oxide followed by a crystal anneal to anneal cut the mechanical
polish damage.

tox- 0.4 ¢
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2.0 N cathode Contact:

_ Following a photoresist operation to delineate diffusion apertures
to the n cathode, the n+ cathode contact is formed by a two step phosphorus
predeposition and diffusion operation. This process results in the following
parameters:

P s = 10 oms/sq.
xj =25y
c, =3.0x10% e
3.0 P Anode Comtact:

After the P aperture pattern is etched in the field cxide, the P’
anode contacts are formed with a two step boron predeposition and diffusion
process. The resulting parameters are:

Rs = 125 ohms/sq.
x:l = 0.6 u
C =4.0x 10*° a3
4.0 Anode Formation:

A 5 mil radius circular pattern is etched in the
anode of . 1
oxide is grown in the opened anode area. 'Ihisaddeservastoccnu'olthgpeak
of the anode ion implantation. Boron is then ion-implanted to anode
The following are the ion implantation parameters:

Energy = 100 KeV
Dose = 2.3 x 10~

e p———- o S———— s ..

3 eoul.

Projected Range = 0.12 u
Peak Concentration = 2.5 x 10~ om >
5.0 Antireflection Costing and SiN, Passivation:
If a silicon nitride AR coating is desired, then the 11008 of thermal

axide is removed from the anode area and SOOR of silicon nitride is chemically
3 vapor deposited over the wafer. HanSinARcoa.tingispretewed,thenthe

s 11008 of thermal oxide is left over the anode and the 800% of silicon nitride
islataetchedﬁmtheanodeama,exposingtbellOCﬁSiozARcoating.

6.0 Contact Apertures:

The contact aperture pattern is plasma etched in the silicom nitride
and the underlying thermal axide is dipped out creating the anode and cathode con-
E tact apertures.

S e o meps
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7.0 Interconnect Formation:

A 1,2y thick alunimm/2% silicon £ilm is sputtered over the wafer and
the interconnect pattern is then delineated in this film.

8.0 Passivation and Backlap:
AthﬂmotSioziscbenica.llyvapordq:ositedmthe
to serve as a passivation layer.® The bond pad pattern and the anode of
diode is etched in the passivation oxide. The wafers are then thinned to the
final die thickness of 11 mils.

3.4.3.3 Vertical Cross-Section

Figure 3.4.5 depicts the vertical cross-section of the dielectrically
isolated photodiode.

3.4.3.4 Process Permutations

To establish an optimam process for the photodiode fabrication,
several process permutations were employed on the 1lst runm.

3.4.1.0 Buried Layer vs, No Buried Layer:
Wafers 1 - 10: Buried lLayer

Wafers 11 «~ 20: No Buried layer
3.4.2.0 Antireflection Coating:
Even mumbered wafers: Silicon nitride AR
Odd mmbered wafers: Silicon Dioxide AR
3.4.3.0 Crystal Amneal:
Amneal #1: Wafers 6-10 and 16-20
Remped initial axidation and anneal
Anneal #2: Wafersl, 2, 11 and 12
Harris standard initial oxidation and ammeal
Amneal #3: Wafers 3, 4, 5 and 13, 14 and 15
Harris standard initial oxidation with no anmeal

3.4.4.0  Preliminary Results

The responsivity and dark currents with and without radiation and the
photocurrent generation constant of the various process permutations were eval-

uated by Honeywell personnel, This section summarizes the results of those
evaluations.
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IDEALIZED VERTICAL STRUCTURE
OF PHOTODICDE

<

AL AR ‘/—l
Q 510y / aL | 5%,

L] 'PT
“t

8102

POLYCRYSTALLINE SILICOM

N' Buried Layer P Apode Contact

c > 1.0 x 101° ™ ¢~ 4.0x10°

N thickness = 2.5u P Penetration = 0.6u
N layer N Cathode Contact

Cp>1.0x 10 e cx 3.0x 3% >

N~ Thickness = 2.5u N™ Penetration = 2.5
P’ Anode

C(Peak) = 2.5 x 10%° o3

R, = 0.12u

Figure 3.4.5




3.4.4.1  Respousivity

Table 3.4.1 summarizes the average respgnsivity results for the
various processes for the circular design and the N cathode ring design befare
and after exposure to gamma radiation. The responsivity was calculated as
follows:

R=M/Watt = aorrent out - dark current
Yatts (63288) in

where the input power of the He Ne laser was approximately one yu watt. Fram this
data it appears that the N* ring design with a silicon nitride AR coating
(wafer #8) is optimun. Comparing wafer #8 (813N4ARwithun-:i.edlayer) with wafer

#18(8131W4ARwithmtbm'iedlayer) it appears that the presence of the buried

layer bhas little effect on responsivity. The most notable processing effect on
responsivity is the AR coating, with the S:l.3N4 AR coating (even mmbered wafers)

mxltinginahigherrespcnsivitythanthesmzmcoating.

3.4.4.2 Differential Responsivity

Differential responsivity is defived as the responsivity difference
between the unmasked and masked pbotodiodes. Table 3.4.2 summarizes tbe results
of these measurements. Again the results show that the N* ring design and the
wafer #8 process is optimm.

3.4.4.3 Dark Current

The dark is the reverse bias leakage current measured at -10V on the
anode. Table 3.4.3 sumarizes the results of the dark current measurements.
All diodes displayed less than 10 nA dark current.

3.4.4.4 Photocurrent Generation constant

Table 3.4.4 summarizes the empirical results of the photocurrent
generation constants for the two designs and the various process permutstions.

3.4.4.5 Photocurrent Balance

In general, the photocurrent balance between the mesked and ummasked
diodes was poor - greater than 10% in same instances. It was also found that
the balance was sensitive to total ionizing dose. Modifications to the design
and further characterization of the material and process have been imitiated in
an attempt to improve the balance.
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3.5 PROCESS DESCRIPTION: PHOTCDICDE PREAMP

The preamp uses a standard Harris linear process featuring dielectric isolationm,

camplementary NPN/PNP devices, MOS capacitors and implanted high sheet resistors.

The process description will be divided into a material fabrication section and

a frontside processing section. Material fabrication covers the sequence fram

starting material to slice grind and polish, frontside processing covers initial
i axidation through backlap.

1. MATERIAL FABRICATION. This sequence is outlined below.

Initial Oxidation

P Collectar Photoresist and Etch

s P Collector Diffusion

M Buried Layer Photoresist and Etch
' N+ Buried layer Diffusion

3 Isolation Photoresist and Etch
Anisotropic Moat Etch

Isolation Oxidation

Polycrystalline Si Deposition

Front Side Lap and Polish

-~ Initial oxidation grows a masking oxide on the polished slice. Starting
resistivity is 3-6 ohm-cm; orientation is 1-0-0; slide diameter is 3';
and slice thickpess is 20 mils.

- P collector photoresist/etch defines collector areas faor PNP devices.

for use as a PNP collector. (Figure 1).

}

i

!1 ~ P collector diffusion establishes a deep, lightly doped boron diffusion

|‘ - M buried layer PR and diffusion establishes a heavily As doped layer used
as a low resistivity subcollector for the NPN devices. (Figure 2).

f - Isolation photoresist defines the isolation grooves.

- Isolation etch is anisotropic; the etch will stop on the 1-1-1 plane and
bence the groove depth is defined by its width. (Figure 3).

, - Isplation oxidation is performed next; oxide thickness is 1.8 u nominal

; for defect density reduction. See Figure 4.

- Polycrystalline silicon is then deposited to a thickness of approx. 25 mils.
This poly forms the substrate of the dual slice. (Figure 4).

- The original single-crystal slice is then ground away and the resulting
structure is polished. The result is a largely jx._ crystalline slice with
isolated regions of single-crystal Si. Note that both P and N type regions
are available and that the N region also was an M+ buried layer. The slice
has completed material fabrication at this point. Figure 5 illustrates the
finished structure.
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FRONTSIDE PROCESSING. Sequence is given below.

High Temperature Crystal Anneal

N-Base Photoresist and Oxide Etch

N-Base Diffusion

P-Base Photoresist and Oxide Etch

P-Base Diffusion

P-Emitter Photoresist and Oxide Etch
P-Emitter Diffusion - PNP Transistor Beta Piloted
N-Emitter Photoresist and Oxide Etch
N-Bmnitter Diffusion - NPN Transistor Beta Piloted
Capacitor Photoresist and Qxide Etch
Capacitor Low Temperature Oxidation

Implanted Resistor Photoresist and Oxide Etch
Resistor Low Temperature Oxidation

Resistor Implantation

Contact Photoresist and Oxide Etch

Sample Probe

Alunimm Evaporation

Alumimm Photoresist and Metal Etch

SIO2 Peposition

Contact Base

SIO2 Photoresist and Oxide Etch

Stabilization Base

Sample Probe

Backlap

A high temperature crystal anneal follows the 1100° initial oxidationm; it
stabilizes the structure and reduces defects.

N base PR and diffusion establishes the PNP base. (Fig. 6).
P base PR and diffusion establishes the NPN base. (Fig. 7).

P+ PR and diffusion completes the PNP device; a piloting procedure controls
device beta. Contact regions for the NPN base and PNP collector are also
formed at this step. (Fig. 3).

N + PR and diffusion campletes the NPN device; again, piloting controls
NPN beta. DPNP base and NPN collector contact regions are also formed.
(Fig. 9).

Capacitor photoresist opens the capacitor dielectric area located over a

P + diffusion used for the lower capacitor plate. A low temperature
oxidation is then used to grow a precisely controlled oxide layer of 2000 1
nomingl thickness. (Fig. 10).

The implanted resistors are defined next; a thin axide layer is grown in the
resistor geampetries.

The resistor is implanted using an 80 keV boron implantation. Note the
resistor end caps are P +; also the boron implantation is through a thin
oxide to prevent excessive surface damage. Figure 11 gives the resistor
structure. Naninal sheet resistivity is 1000 ohms/square.




-2—- FRONTSIDE PROCESSING - continued

Contact photoresist establishes apertures for ohmic contacts to the devices.
Fig. 12).

A sample probe is performed next; device betas and breakdowns are checked.

An E-beam evaporation of pure alumimm follows; metal thickness is 1.2 u.
The layer is then delineated to form the intercomnect pattern. (Fig. 3).

A silox deposition follows; this CVD SiOp layer provides passivation and
scratch protection. Openings to enable bonding are defined by a photo-
resist operation.

A stabilization bake is next; it is followed by a detailed sample probe of
device parameters and by backlap of the campleted slice to a thickness of
10-12 units.
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3.6 Radiation Effect Modeling

The crux of the radiation bardening effort of the DINS photopreamp !
lies in the structure of the two op amp stages. This structure resembles that :
of an advanced radiation hardened op amp now being developed by Harris' Programs
Division. The fabrication of the preamp will be implemented by utilizing Harris'
radiation bardened linear process.

Neutron and Total Dose Modeling

The primary effect of neutron and total dose radiation is a re-
duction in current gain and an increase in the resistivities of the lightly
doped collectar. At the radiation spec level of ¢, minimum betas of 30 and
15 can be expected for the NPN and PNP devices respectively. The collector
resistance of NPN devices increases by a factor of four and by a factor of 1.5
for the PNP. All post neutron camputer similations have taken these facts in-
to account. A camplete table of Gumnel-Poon model parameters, both pre and post
radiation can be found in the appendix of this report. These were used for SPICE
II circuit simulation of the preamplifier under these conditioms.

Transient Gamma Modeling

The predominant effect of a circuit's exposure to gamme radiation is
the generation of electrun-hole pairs within the space-charge regions of re-
versed biased junctions in the circuit. This generation of carriers causes a
current, (primary photocurrent), to flow. These photocurrents may disrupt
the normal” Operating conditions of the circuit sufficiently to cause a spurious
output signal to be produced.

By the judicious placement of campensating reverse biased junctions on
critical nodes, these photocurrent effects may be minimized. Figure 4 shows
how this compensation scheme is used. Also shown are the polarities of the
generated currents. In computer simulations of these photocurrents, current
generatars of appropriate magnitude (function of island volume) are placed in
parallel with all reversed biased junctioms including ion-implanted resistor
islands. These islands are tied off to the more positive end of the resistor
and depending on the voltage drop across the resistor, up to one half of the
island volume may be depleted due to the voltage gradient set up across the resis-
tor. With the generators in place, a transient simulation will show what effects
the specified level of radiation will produce.

e ———————— -+ —

Camputer sensitivity analyses show that the photocurrents generated by
the reversed biased photodiode junctions at the input are the most critical.
These are applied cammon mode to the preamplifier however any mismatch in photo-
diode volume implies a mismatch in photocurrent and this mismatch appears diff-
erentially across the imput. Table 1 shows percent mismatch of photodiode volume
versus signal to noise ratio. Note that this is assuming a perfect match be-
tween paired photocurrents elsewhere in the systam. Also shown on Table 1 are
typical signal to noise ratios for nominal system conditions. ]

Prampt Gamma Survival

Under very large v enviromments, the major concern is to prevent either '
alumimm interconnect fusing or secondary junction burn-cut due to surge currents L
(assuming all devices become shorts). This is accamplished in the preamplifier 8
design by using limiting resistors RLIM1 through RLIM9. These are N+ resistors i
with a pre-radiation value of 50 ohms.
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The secondary concern is the part's recovery time after such an
event. A warst-case camputer simulatios has beem performed using photo-
current scurces generating 100 milliampere, 100 nanosecond wide pulses across
every reversed biased junction in the circuit. The result of this simulation
is shown in Figure 5. Under this condition, recovery time is in of
10 microseconds.
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y COMPUTER MODELING

THE GAMMA RADIATION CUPRENT CAN BE CALCULATED FROM THE
FOLLOWING EXPRESSION:

Ipp (7) = agq Vol 7
WHERE go = 42103/rad-cm3

COMPUTER MODELS

e (y) Ipp, (3)

TYPICAL COMPENSATION SCHEME

'pp
CIE
Ipp Qi4 COMPENSATES QI8
al4 AND Q4IC IN TURN
M
azs COMPENSATES Ql4
re2 94'¢ lpp  IRI3
-V
Figure 4
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TAELE 1
Assumptions: - Minimm input laser signal of 300 NW and spec radiation.
- Four megohm naminal transimpedance
- .44 amp/watt photodiode responsivity
- 8.25 ua photodiode photocurrent
- All other matching is absolute
Signal to Noise Ratio % Mismatch in Photodiode Volume
1.6 to 1 1%
.8to1l 2%
B3 tol 3%
4t01 4%
32tol 5%

Under typical system conditions of twice the worst case minimum laser signal
and a gamma rate level one order of magnitude less than the specification level.

Signal to Noise Ratio % Migmatch in Photodiode Volume
R2tol 1%
\ 16 to 1 2%
1 10.6 to 1 3%
8 to1l 4%
6.4to1 5%
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3.7 Thermal Noise Analysis

As previously stated, the noise signal generated as a result of a
transient ganma event is the largest noise contributor in the system. Bow-
ever, for campleteness a thermal noise analysis was performed over temp-
erature to insure that these components were negligible. The similation re-
sults showed the total output thermal noise voltage to be two orders of mag-
nitude less than that generated by a 1% mismatch in photodiode volume. At
250C the output noise voltage was 7 millivolts, 8.77 millivolts at 1250C
and 6.5 millivolts at -55°C. Plots of output noise voltage squared versus
frequency can be found in the appendix.
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4.0 CIRCUIT DESCRIPTION
4.1 General Overview

Shown in Figure 6 is the schematic diagram of the preamplifier. As
mentioned earlier, the overall structure is that of two similar radiation
bhardened op amp stages in cascade. There are same variations between the
two due to different gain-bandwidth products, stability requirements and short
circuit protection requirements.

The transimpedance gain of the first stage Aj is 3(K and is set by
feedback resistor RF1. Its closed loop bandwidth is set by the closed-loop
pole obtained between RF1 and lead compensation capacitor CF. The bandwidth is
a napinal value of 2 megahertz. Elements R15 and CIN are used to match the
impedance seen at both input ports. This is important in order to minimize
current induced voltage offset and also to balance the photocurrents gen-
erated at the input by these resistors. The open loop bendwidth of Az is set
by OCOMP1 and the gmof the input stage, using the classical dominant pole
approach. It is a nominal value of 8 megahertz. Only 2 megabertz was required
for the gain-bandwidth product of Ay (voltage gain is unity in this stage) how-
ever any further reduction would require a larger value COOMPl. At its present
value, the phase margin of the stage is greater than 45°. The value of CCOMPl
is S0 pf (relatively large). Any further lowering of gnwill increase the
amplifier's photocurrent semsitivity due to the reduction in operating current
in the input differential pair.

Figure 6 also shows the input photodiode Dr,, and the compensating
masked photodiode Dp. Dp is required to provide matched (common-mode) photo-
currents to the preamplifier during a transient gamma event. Dp also assures
a match in impedances seen by both input terminals. During circuit simulations
both photodiodes were modelled as capacitors whose value was the sum of the
diode's depletion and isolation capacitances. A worst case figure of 6 pf was
used.

The second stage A2 is a non
The closed loop voltage gain is set by

inverting amplifier in a gain of 133.

RF2 + R3l
R31

Resistor R32 matches the impedances seen by both input ports of Ag. This re-
sistor shall be a P+ resistor thereby generating very low radiation currents.

There are four ion~-implanted resistors in the circuit whose islands
shall not be tied off to the more positive side of the resistor. These are
R15, RF1, RF2 and R31. Depending on the offset condition of A; and Ap, these
resistors may have voltages of either polarity across them. If they were tied
off one could establish a forward biased junction between the P implant and the
N <= island.

Resistors R15 and HF1 shall be broken up into ten series connected
X resistors in separate islands to limit the photocurrent contribution they ;
generate to that of a single 3K resistor. ﬁ
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TAHLE 3

ELBECTRICAL PERFORMANCE

€] HBQUIRED ACTUAL
A.l 2 miz 8 miz
A2 266 miz 276 miz

i ACTUAL

] POWER DISSIPATION (Two Channels) TEMPERATURE

! 212 Millivatts 25°%

A 220 " 125°¢

E_ , 208 -55°C

i AC STEADY-STATE OUTPUT VOLTAGE

i (Zmnoo:sets

;A PRE-RAD V out (SS AC) = 526 Millivolts

] POST-RAD V out (SS AC) = 519 Millivolts
(Neutron Spec)

3 These outputs were obtained based on a minimm 300 nanowatt laser
signal and a photodiode responsivity of .44 smps/watt. The corresponding steady
state AC input signal used was 132 nanoamperes.




—

The case of resistors RF2 and R31 is more camplex. These two re-
' sistors have significantly different values (RF2 = 13.2K and R31 = 100 ohms)
j bowever since they set the gain of A2 they must ratio. In addition, their
photocurrent generation must be mutually campensating in order that no diff-
erential voltage appears at Ao's input. The approach that was chosen dic-
tated RF2 to be built as eleven 1.2K series connected resistors in separate
islands and R31 to be twelve 1.2K parallel connected resistors in separate
islands. This resolves the ratio tracking problem but leaves R31 generat-
ing twelve times the photocurrent of RF2. This was resolved by paralleling
eleven dumny islands, whose volume matches that of a 1.2K resistor, with RF2.
A summary of this compensation scheme is shown in Figure 7.

A gain of 133 for Ap implys this sStage must have a gain-bandwidth
product of greater than 250 megahertz. This figure would be umreascnable
if the amplifier were required to be stable at a closed loop gain of umity.
However at a gain of 133, greater than 45 degrees of phase margin has been
achieved. BEmitter degemeration resistors R35 and R36 tend to reduce the gm of
the input stage. However they are required to aid in the stability of A1. The
gm of As's input stage is

1

p———

KT
gn = R35 + 2 ST
The collector current of Q47 is 185 microamps and therefore gmis 780 microbms
Gain-bandwidth product is defined as

=
GBN = — =

‘ Bere C is element COOMP2 or .45 pf therefore the gain-bandwidth product of Ay
'l is 276 megahert=z.

When reading the system schematic, all device names with a trailing C
in the name are photocurrent compensation devices and are reverse biased.

TABLE 3 lists gain-bandwidth requirements, actual total power dissipation and
actual pre and post radiation steady-state output voltages.

4.2 Biasing

‘ Both stages Al and Ao are biased fram a common voltage reference con- F
sisting of D21, Q27, 28 and 29 however each stage maintains its own isolated
NPN and PNP base biasing rails. R24 sets up current of 275 ua to bias the
hen set up re  ance currents for the four

4,3 Input Stages

The inputs stages of Al and differ in structure. For A

modified Darlington configuration was (B1-QL and QI2-QR). ]’I‘he nece&ity ;
for this type of configuration bere is due to post-neutron bandwidth reduction due '
to a lowering of gn. The expression for gm of a differential pair is

1

maz rb+RS+re
fn

60
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Whererbisthebnsesgreadingmsistance,reisthedynmicinpmmpedance
and Rg is a source impedance. For a radiation insensitive gm it is desirable
that the second term be daminant since it is not beta dependent. If a simple
differential pair were used, Rg would actually be R15 or RF1 (30K). Therefore
under post radiation conditions, betas would not be large enough to adequately
swamp out this term. Using the Darlington approach, the gm expressiom is

gm = 1
2 [rb1+Rs+rb31

p + rel}
n

and the Ry term now is effectively buffered.

The input stage of Ao sees a low source impedance. At the nop-
inverting input this consists of R32 in series with the ocutput of A1 and approx-
imately R31 in parallel with RF2 at the inverting input. Tberefore a simple
differential pair was chosen. Upon initial simulation of the open loop gain
of A1 a 10 DB gain peak was detected around 50 megahertz. The peak was caused
by the fact that at S50 megahertz the feedback factor of A2 was low encugh
that Ao's input impedrice began to look capacitive. At the same time, at

high frequencies, the impedance looking into the emitter of a follower stage
emilates an inductcr. This creates a now well known tank circuit effect.

Two changes were the key to the removal of the peak to obtain the smooth roll-
off characteristics presently seen. First, emitter degemeration resistors R3S
and R36 were used to increase the real part of As's input impedance. Second,
capacitor CE in A1 in parallel with the dynamic impedance of Q20 plus Rl4 gen-
erates a zero in the transfer function. The cambined effect of these two
elements assures the stability of A1 with a simulated phase margin of 65 degrees.

4.4 Active Loads and Gain Stages.

The input stage current mirrors used in A; and Ap are modifications
the classic Widlar current mirror. In Aj devices QB-Q4-Q5-Q6 and Q7 form
mirror. Q5 is essentially diode commnected by the base-emitter jumction of
parallel cambination of Q6-Q7 draw out Q3's emitter current fram the
rail of the mirror. Note that devices Q6 and Q7 have the same areas as
Q5 and therefore serve as photocampensation devices. Device Q12 serves
buffer between the mirror and the gain stage Q19. Q12 is biased at the
as Q3 so the base currents they rob fram the collectors of Q4-Q5

1geges s
.ﬁg oL

Q19 form the gain stage of A1. Capacitor COOMPl1 performs the
action of the integrator. Note that this capacitor ties to the
output of A] and not to the collector of Q19. Simulations show a greater degree.

of phase margin is achievable using this approach.
4.5 Output Stage and Short Circuit Protection

Both A1 and A9 use the standard class AB cutput stage found on most
amps used today. The output stage of A2 differs from that of Al in operat-
ing curremnt and device size. Also, A2 incorporates a short circuit prectection
scheme using Q74 and Q75. Since system specifications required A to drive a

3




N

coaxial cable, a parallel RC load was used throughout the simulations. The
value of R was 2K and C was 100 pf. The large output devices and operating
pointshelpsurceandsinkthelugermentsnec&ssarytodrivesmbaload.

Under short circuit conditions, large currents may initially flow
thmughresistors%Scrm(dependingonthedirectionofthesbort). It
the drop across R33 reaches cne diode drop, device Q75 turns on and robs driv-
ing current fram the gain stage. A similar condition of opposite polarity
causes a similar effect fram R34 and Q74.

4.6 Breadboard Simmlation Results

Shown in Figure 7 is the block diagram of the breadboard version of
the photopreamplifier. For the transimpedance stage, the afore mentioned rad-
iation hardened op amp (913) was used. This part is internally compensated and
bas a gain bandwidth product of 10 megahertz. For this reason it was not
feasible to use this op amp for the second stage since in the breadboard ver-
sion this stage requires a gain bandwidth product of 100 megabertz (BW = 1 miz
at a gain of 100). Instead, a commercial op amp, the BA5190 mamufactured by
HEarris' Products Division was used. This part has a gain bandwidth product
of 150 megahertz but is not radiation hardened.

was near campletion, The results achieved were very good. A spectrum analyser
showed the gain at 3.1 megolms and a bandwidth of 1.5 megabertz. The laser light
used to drive the photodiodes was modulated by a 100 kilchertz square wave using
aqmrtz‘mnatcrandtheddodsartputmspmpa'ly@lﬁiedbythemmd-
board preamplifier.
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5.0 Conclusion

A design approach and a method of implementation has been presented.
Canmputer circuit simmlations have verified that the DINS photodetector will
meet gain and bandwidth specifications over temperature and process variatiom.
In addition the part will be able to meet these requirements after exposure
to neutron fluence of the spec level. Simulations also show the preamplifier's
ability to drive a capacitive load without instability and its indefinite toler-
ance to an output short circuit. The photodetector is also pardened to with-
stand a transient gamma event of the specified level. This is the single most
critical spec of the system and is also the most difficult to achieve. As can
be seen frum Table 1, only 1% match in pbotodiode volume will provide a signal
to noise ratio greater than 1 to 1. Statistical data (fram a differemt process)
shows 5% matching to be an achievable tolerance, however, at this level the
signal to noise ratio is short of spec by a factor of three. It was stated
during the status meeting held on June 7th that a v level of ome arder of
magnitude less than spec would be representative of what the photodetector would
experience. Under this condition, a 5% mismatch in photodiode volume implies a
signal to noise ratio of 3.2 to 1 or a factor of three greater than spec. We
feel that this level of v is a more realistic figure to expect the photodetector
to tolerate.

The design presented here has been the combined effort of many individuals
whose skills range from camputer-aided design to state of the art process enhance-
ment. It is our belief that provided the above compromise in spec is assured,
the DINS photodetector effort holds a great chance for success.




APPENDIX 1.9

MCOEL PARAMETERS

1.1 PRE-BADIATIQN PARAMETERS
1.2 POST NEUTRON PARAMETERS
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APPENDIX 2.0

DC CIRCUIT STMULATIONS

2.1 25° Operating Points
2.2 125° " "
2.3 _550 " "

2.4 25° Post Neutron Operating Points




1 DINS PHOTOPREAMPLIFTIER OPFRATING POTINTS (TEMPERATURF 25 OFGREES C)
2
3 e e
4 cwoee VOLTAGE SUPPLY CURRENTS wewee
S
6 NAME = T CURRNT T NAME T CURRNT T T o
7 VPOS «3,299E=07 VNEG 3.7S4E~03 TOTAL POWFR = 106 MW (OME CHANNE
8
o —
1"
N2~ NaMgT (21 MOREL: DZR
13
14 INs=2,761FE=04 VOs=6,.2n5F+00 REG= 9,.305E+0] CAP= },710E=~1
18
16 oeeee BJT.S coane
17
18 MAME: 0! MODEL: RPO
19 _
20 1R==0.831E-07 1Cz=6,.936F=05 VBFz=6,64SE~01 VRCz 1,222E+0
21 VCE=~{,2AB8E+C] BETADCS 1.a36E+02 GM= 2,689E=~03 RPI= §,8u41E+0
22 RO= 1,.011E+06 CPI= 1.,583E-12 CMU= 1.845F«13 BETAAC= 1,571E«0
23 FT=z 2,422€+08
24
2S5 NAME: @ge MODEL: RPO
26
27 Ib==4,826E=07 IC==6.93S5F =05 VBF==6,645FE=01 VRCs | ,.,229E+0
28 VCF==} ,295E+0] BETADC= 1,437F+02 GMz 2.689E=03 RPI= 5,847E+0
29 ROz 1.012E+06 CPI= 1.582E-12 CMiis 1.842E~13 BETAACS 1,572€E«4Q
k{4 FY= 2.Q23E+08
7%
32 NAME: Q3 MOLEL: RND
T
3a IBs 3,042E=07 IC= 4,917E=-09 VBE= 6.471E=01 VRCz=1,295E+0
35 VCE= 1,360E+0) BFTADC= 1.616E+02 GM= 1,908E~03 RPI= 9,873E+0
36 RO= 1,.,738E+04 CPIz 9,33ak=13 CMyz 2.,673E=-13 BETAAC= |,884E+0
37 FT= 2.529€+08
38
39 NAME: 0ad "MODEL: RNI
a0
41 IR= 5.137E:p] IC= 6.907F =085 VBF= a.aeqe-ol VBC=z=7,156E=0
B8~ VCE= 1.358E+00 RETAQOLT [.345F«02 GNZT 2.680E<03  RPTZ 5_.G22E+9
43 RO= 1.061F+06 CPI= 1.653E-12 Cmij= 6,64dFE«13 BETAACE | ,SRTE+C
a4 FT= 1,841E+08
Y
46 NAME: QS MODEL: RNI
a7
ag I8z 9.140E=N7 €= 6,905E=09 VBES 6.400F«01  VRCE==p,d71F=0
as VCE= | ,2R9E+NQ BETADCs 1,343F+02 GMz 2,679E=N3 RPT= S5,91AF«0
S0 RO= 1.060E+06 CPT= 1.653F=12 CMU= 6,731F=13 BETAAC= 1 .,5RKE+0
51 Ftz 1,833€+08
52
§3 NAME: Q6 MODEL: RN!
s A el ——
Ss IRz 2.192E-07 IC=z 2.423F=05 VBE= h,1S51E-n) VRC==3,142E=0

80




A g Aot s .

wi 28 JUN 79 21:91:17 HARRTS SLASH/E PAGE

S& VCF= 9,293F=0] BFTANC= 1,108F+N2 GM= 9 ,409F =0y RPT= 1|,49SF+

B RQT TI013F+ne  CPIS 1,378F=1¢ CMIS 7,217F<13 BETAAC="1,406E+

Sa FT=z 7.133E+07

S9

80 NAMET 07 MONDFL: PN}

61

62 IRz 2,192€=07 IC= 2,4d423F=05 VHE= 6.1%51F=01 VBC=z~3,]42€~

53 VCEz 9,293€=0T AFTA0C=E 1.,105E+0¢ GMz= 9,dfigE=na FPT=E 1,49%E+

&4 RO= 3.013E+06 CPI= 1,378€~12 CMits 7 ,217€=13 BETAACS | ,406E*

65 FT= 7.133F+07

66

a7 NAME: ga MOREL: RPO

68

69 IB==9,047F <07 IC=s=],397E=04d VBES=6,8°1E=01 VBC= | ,392FE«

70 VCEz==],461E+01 BETADC= 1,S544E+02 GM= S,d04E=03 RPI= 3,044E~

71 RO= S.132€+09 CPI= 2,381E=~12 CMils 1, 773E=13 BETAAC= | ,4USE~

72 FT=z 3,362E+08 )
73 |
74 NAME: Q9 MODEL: RPt z
w5 :
76 IB==2,204F =06 IC=~2,83S5E-04 VBE==6,883E=-01 VBC= 6,424E- !
77 VCE==1.331€+00 BETANC= | ,272E+02 GM= 1,103€E-02 RPT= 1.219€«

= L UU3E e = LU499E=12 CMUZ b,855E=13 BETAAC=E | ,344E+

79 FT= 2.857€+38

a9

81 NAME: @19 MGDeEL: KP1L

82

83 [R2=g ,478F =7 IC==5,971E=0S VBES=6,4824E=0 vals 1,328k«

8a  VCE==1.392€+01 BETADC=E 1.3%3E+02 GVY= 2.318E=03 RPT= 6.960E¢

as ROz 1.194F+08¢ CPI= 2,078E=12 CMits 2,572€=13 BETAACST | ,S21E+

86 FT= 1.580€E+08

87 !
88 NAME: Q11 MODEL: RNO

a9

94¢ Iz | .JRTE=N% ILs 2,8 E= . BC3=1,

91 VCE= 2.067E+0) BFTADC= 2,071E+02 G“= 1.101E=02 RPI= 2.010E~

Q2 RO= 3.2°71F+0S CPI= 2,001E=12 CMU= 2.453F=-13 BFTAAC: 2.214E-

53 FTZ 7.503E+08

ay

95 NAME: A12 MODEL: RNO

T6

97 IRz 2.9K1FK=07 IC= 4,740E-085 VBE= b.,d4h3E=N] valt=={,2R8E-

98 VCE= 1.393E+01 BETADC= 1,A08F«02 UMz | ,B47E=03 PI= 1 ,017E-
g3 K02 [,794E+06  CPI= 9,2S6E-13 = LMl 2.576E=13 BETRACS 1.3877E-

100 FTz 2.463E+08

101

{02 NEKg QT3 MODELT RNT

103

104 IR= 3,70SE=07 IC= 4,682F=09 VBE= 6.319F=01 v8Cz~3,335F:
105 VCE=s 1. 01SFE+00 BETINT="1,256E+02  GMT T.306F=n3  RPIs a4, 428€

106 RO= 1.569E+06 CPI= 1.S18E-12 cMit= 7,11SF=13 BETAACT 1,S522€: :
107 FTz 1.,2R9E+04 :
108 -

109 NAME: Q14 MONEL S RNY

110

81

T T T ™ 2 o 3



e —— 2 AN e e

wi 28 JUN 79 21:891:17 HARRTS SLASH/S8 PAGE
111 IRz 1,A12F=04 IC= 2,AkR9F =04 VeFz _b,793F=01 VACZ =6, 337E =«
112 VCES {.313F+00 BETANCS 1.S5R4E+02  GM= | ,108F=02 RPI="1,959€~/
113 ROz 2,540E+0S CPTz 2.919€=12 CMIS 6,970€E=13 BETAARS 1 .728E+(
112 FT= 4,878E+08
115° i - -
116 NAME: Q1S MOOEL:
117
118 IRs-1.573e-4d6 iC=-2,474F=04a VBE==6,974E=A1  VRCE 1,33SE+(
119 VCEz~],395E+0] RETANC= 1,573F+02 GM= 9,523E=03 RPTI= 1.,723E+(
120 RO= 2,8h2F+0N5 CPI= 3,hhBF=12 cMHZ 1 ,AN9E=13 BETAACE 1,6a3F+(
121 FT= 3,904E+08 -
122
123 NAME: Q1 MODEL: RNILC
124
125 I8z 1,566E=06 = 2.828E=04 VBE= 6,7S1E-01 VRC= 0,000E+(
126 VCE= 6,7S1FE=01 BETADC= 1,550E+02 GM= 9,387E=03 RPI= 1.81SE+(
127 RO= 2.9R[E+05 CPIz 2,67S5E=12 CMU= 8,d01E=13 BETAACS 1.704E+¢
128 FTz 4,250E+08
129 _ .
130 MNAME: @17 MODEL: RPILC
131
132 18=-1,938E=-06 IC==2,424F=04 VBE=~6,842E<01 VAC= 0,000E+(¢
133 VCEz=h,842E=01 BETADC= |,251E+02 GM= 9,372€-03 RPT= 1,418E+C
134 RO= 2.3ASE+05 CPI= 4,872E~12 CMUS 9,888E«13 BETAACS 1.329E+(
135 FT=z 2,545E+08
136
137 MAME: Q138 MODEL®
138 _
139 I8z 3.919E=07 = 5.860E<05 VBE= 6,337E=01] VBC=~1.328E+C
140 VCE= 1,391E+01 RETADC= 1,495E+02 GM= 2,275E~03 RPIS 7.927E+¢
141 RO= 1 .4A5E+N6 CPI=z }.S538E=12 CMi)z 3,940F=13 BETAACS | .804E+(
1a2 FTS 1.ATGE+08
143
_1aa___N_A_ME: G119 MONEL $
1as
186 182 1.377E=06 T 2.479E-04 VBE= 6.714E=01 VRC==1,285F+(
147 VCE= 1.352E+01 BETADC= 1.800€+02 GMs §.595F=03  RPI= 2,077F«(
Y] RO= 3,43SE+05 CPIz= 2.489E=12 CMIiz 3,97SE<13 BETAAC=Z 1,993E+¢
1a9 FTz S5.290E+08
150 - o
1517 MAME: Q20 MONEL: RNILC
152
153 182 1,595€=06 2,477E-04 VBE= 6,756F=01  VBL= 0.000E+C
154 VCEz 6.756E=01 aeraoc- 1.553E¢02 GM= 9,577E=03 RPIZ 1.7A1E«¢
155 ROz 2,.921E+0S CPIz= 2,704E-12 cMilz 8,4106=13 BETAACS 1,706E+C
156 FT= 3.299F+04 )
157
158 NAME: Q21 MODEL
159 N L
160 IRz 3.0R3E-06 = 5.289€=04 VHES 6,54SESGY  VBLIS1,4T0EeC
161 VCEz {.49SF+0) BETAOC=z |,703F+02 Gz 2,0%6E=02 PRtz 9.591E+¢
162 RO= 1.6S3E+0S CPI= 7,.,467E=-12 CMI2 | ,117F=12 BETAACSE 1,952Ee¢
163 FT= 3,77S5€+08 —  — o )
164
165 NAME: 122 MONEL ¢
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166 _
167 [8==3.5A1E=0p IC==5,2953%F=0na VBF==6,625F=01 VRAGE 1,829E+(
168 VCE==1,.49SE+01 BETAQC= 1.,4AT7E+02 GM= 2,0%7F=02 RPT= 7,906E+C
169 ROz 1.374E+0NS CPI= 1,145F=11 CMUs 7,315F=13 BETAACS 1 ,610€(
170 FT= 2.661E+0R8
17 !
172 NaMg: @23 MQNEL: RNILC P
173 ‘
174 IBs S.178E~-07 I1C= 6,.906E=0S VBF= 6.,423F=0] VRC= 0,000F«C :
179 VCE= 6.,423E=01 BETADC= 1,3%34E+02 GM= 2.6A0F=03 RPTz S,871E+C
176 RO 1.001E+0A cCRl= 1{,687c-12 T CcMu=s 3,103€=13 BETAACS | ,ST3E+C
177 FT= 1.729E+08
178
179 NAMET Q[e4d MONEL: RNILC
184
181 I8= S.177E=07 IC=z 6,905E=05 VBE= 6,423F=01 VRCz 0,000E+0
182 VCES 6.,493E=01 TADC= 1,33aE+02 G4 2.67/9E=03 RPTz S.B812E+0
183 RO= 1,051E+06 CPI= 1.657E=12 cMy= 8.103E=-13 BETAACS | ,S7T3IE+O ‘
184 FT= 1.729E+08 !
188 ;
186 MAME: n2S MODEL: RNILC i
147 ‘
188 IR= 4.287E=07 IS 5.513E-05 ~ VBE= 6,.365E-01 VBC= 0.000€+0
189 VCE= 6,365E=01 BETAOC= {,297E+02 GM= 2,142€E-03 RPI= 7.19SE+0
190 RO= 1,315E+0¢ CPI= 1.573E=12 CMy= 8,0R2€=-13 RETAAC= | ,SA1E+0
37T FT= 1.0%2E+03
192
193 NAME: Q26 MONEL: RPILC
193
195 IR=~a,9A3F=07 1C==5,494E=05 VBE==6,455F =0} VAC= 0,000E+0
196 vcs--e 4<SE-01 eETAoc- 1. 101=+oa GM- 2. 132F-03 PPI- s, 653590
198 FT- l. 1115*08
199
200 NIMET Q7 YONEL: WNILC
201
202 IRz | ,7S1E=06 IC= 2,744F=04 VBE= 6,783E=01 VRC= 0.,000F+0 ,
203 VCE= AR.7TA3 = [.56/F+ = 1 T 1.615E+0 :
204 ROz 2.637E+0S5 CPI= 2,899E=12 Cmits 8,dh2E=13 BETAACS | ,712E«0 I
208 FT= 4,554E+08 1
0%
207 NAME: 028 MODEL: RANILC
208
209 [A= 1.751E=0h 1€ 2.74aF=04a VAF= B8,7R3k=N] VAES 0.000E+0
210 VCE= K.793E=-01 RETANC= 1,567F+02 GMz | ,060E=02 RPI= | .,615FE+0 4
211 RN= 2.A3T7E+NS CPI= 2,AS9E=1¢ CMys 8,462E=13 BFTAAC=S 1 ,712E+0
212 BTz 4,SS4Fe08 T~ T T/ T s T T T - 1
213
214 NAME: Q29 MONEL: RNILC
215
216 {R=z 1,751F=0¢ IC= 2.744F =04 VBF=s §,7R83F=n VBC= 0,000F+0
217 VCF= A.793F=0| RFTADNCE 1 ,S56TF+02 GM= 1,0A0E=02 PPz 1.615E«0
218 ROz 2.6%7€E+05 T CRI= 2,859€=12 CMIIS T 8,4603€=13 BFTAACE [,712F+0
219 FT= 4,5S4F+08

220
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251 MAME: 30 MOPEL: RNO

553 : —
223 1Rz=7 UN3E=1} ICs 7.431Fe11 VBFS 0.00Q0E+00 VBC==1,270F
224 VCE= 1,270F+01 BETADC=<1,004F+nQ GMz-1,S504E=14a QPT= 1,713E+
225 RO=T3,877€+13 CPI= 8,500E=13  CMI= 2,70UF=13 BETAAC=~2,57SE~
226 FT==3,322E=03

227

328 NAMET 071 MOBEL: WNO

229

230 1B= 3.4R9E=07 ICz 6,291E=05 VRE= 6.529F=01 VBC=e],497F+
231 VCE=S 1.562F+01 BETA0C= 1.705E+02 GMS 2,d40F =03 RPI="8,038€F~
232 RO= {.390E+06 CPI= 9,954E=13 CMU=z 2,596E-13 BETAACE | ,961E+
233 FT= 3,094E+08

23a

235 NAME: Q32 MODEL: RNO

236

ER ¥ TIRS 3.RAQE=NT ICS 5.201£=05 VBES 6.529E=01 VBC==1.4%97E+
238 \WCE= | .5h2E+01 BETAQDC= {,.70SE+02 GMz 2,480E-03 RPI= 8.037E+
239 ROz 1.390E+96 CPI= 9,954€=13 CMI)z 2,596E=13 BETAACE | ,961E+
249 FTS 3.094E+03

241

242 NAME: 033 MOREL: RNO

243

244 I8= 3,797E-07 IC= 6,376F=05 VBE= 6.537E=01 VAfze] ,32SE+"
245 VCE= {,390F+01 BETADCs |, ,679F+02 GM= 2,473F=03 9Pz 7.793E+
246 RO= 1,345E+06 CPI= 1,006E=12 CMIS 2,602E=13 BETAACS 1,927E+:
247 FT= 3,094E+08

2468

349 NAME: 034 MODEL: RNO

250

281 IRz 3,797F<07 IC= 6,37hE=05 VBEZ 6,537E=01 VACz=1,32SE+:
252 VCE="1,390E+0T BETADC= 1.679F+02 GM= 2 ,473E=-03 RPT= 7.793F+
253 RO= {,34S5E+06 CPI= 1,006E=)2 CMIIZ 2,662E=13 BETAACST {.927E«
254 FT= 3,094E+08 . o
255

256 MAME: Q@3S MONEL: PPO

2s7 . .

2sa TR= a.391E-12 IC=<d,a0NSE=12 VBF= 0,000F+00 VBC= "1,034E+¢
259 VCE==1.034F+00 RETANC==1,003FE+00 GM==9,387E=15 RPT=z 2,447F+:
260 R0z 7,.096E+13 CPI= 5,200E=13 CMII= 3.,812F=13 BETAAC==2,297E«(
261 FT==1.6958E<04 B )

262

263 NAME: Q36 MONEL: AP

264

265 IB= A,7TA2F=12 [C==3,R10F=12 VHFz Q,000E+N0 VBC= | . DTAE+(¢
266 VCFs<1,N34E+NQ HETADC==1,003F+00 GM=z==] ,3877F=15 QP Tz 1,273F+:"
267 RO= "3,548E+13 T T CPI= 9,S500E=~13  CMIl= S,dh4E=13 RETAAL==2,297F «¢
268 FTz=1,997E=04

269 .
2707 NAMET n13y MONEL: WPN

271

272 tR= 4,391E=12 ICz=d ,4NSE=12 VAF= 0,000F+00 VAfz | ,0%aE e
273 VCE==i 034E+N0 RETADC==],0N3E+N0 GM2=9,387FEelh RPT= 2,847E+
274 RO= 7,094F+13 CPT=2 S,200E=13 CMIts 3,812E=13 BFTAACZ=2,297F ¢
27s FTz=],658FE=0a

—_—
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276
277 T NAMET 03§ MODEL: PNy
274
279 [R=<1,24SE=11 I1C= 1,249F=11 VBFz 0,000FE+00 VRC==1,026F «(
280 VCES |.076E+NQ BETADC==1,003F+N0 GM==2,829E=15 RPI= B.564E+!
281 RO= 2.501E+)3 CPIz= B,200E«13 CMIIS 6,273F=13 BETAAN==2,1ASE=(
282 FT==2,731E=04
283
284 NAME: 139 MQOEL: RNY
235 _
288 [83-1,24SE=11 IC= 1 ,24d%9€E=~-11 VRF= 0,000E+00 VBC==1,02hE+C
287 VCE= 1,026E+00 BETADC==1,.003E+00Q GM==2 _529E=~15 RPI= 3,S564E+!
288 RO= 2.501E+13 CPI= 8,200E=13 CMIJS 6,273E~13 BETAAC==2,]165E=(
289 FT==2,781E=04
290
291 NAME: Q40 MODEL: RN1
292
293 I1R==1,245E~11 IC= 1.2a9E=1} VBE= 0,000F+00 VBC==1,026E+¢
294 VCE=z 1,026E+00 RETANDC==1.003E+00 GM==2 ,529F =15 RPT= 8,S564E+1
295 RO= 2,501E+13 CPI= 8,200F=13 CMU= 6,273E=13 BETAAC==2,165E=0
296 FTs=2,781E=-04
297
2¢a NAME: Qa1 MODEL: RN1
299
300 IR==1,245F=11 IC= 1.789€=11 VBE= 0,000F+00 VRACz=1,026F+¢
301 VCE= 1,076E+00 BETADC==],003F+00 GM=<2 _S52%E=15 RPI=z 8,564E+]
302 RO= 2,S01E+13 CPI= 8.200E~13 CMU= 6,273E-13 BETAAL==2,145E=¢0
303 FTs=2,781E=04
304 ‘
305 NAME: Q@42 MONEL: RPO
306
307 I8z 6,3d6E=11 [C==6,372E=11 VBF= 0,000E+00 VBET 1,494E+0
308 VCE=~],494F+0] BETADC==1,004E+00 GM==~1  3S7E~14 APlx 2.4a7E+1
309 ROz 4.,900€E+13 CPI=z S,2n0E=13 g™z 1 ,725E=13 BETAACS=3,320E=0
310 F1==3,118E=-03
311
312 NAME: 043 MODEIL: RN4
313
314 18==6,599€E~=11 IC= b.621E=11 VEFz 0,000F+N0 VBR=e1,3S9E+0
315 VCE= 1,359E£+00 BETADC==1,003E+09 GM==1 ,3CQE=14 RPIz 2,141F ]
316 RO= h.198E+12 CPI= §.200F=12 Clall= 1,709€=12 BETAACS=2,870F =0
317 FT=wd4,328E=04
318
%19 NAME: Qda MOOEL: RNO
320
321 [Az«] ,247F=11 ICs 1.252€~-11 VBF= 0,000F+00 VRCz=2 ,0S6E+0
3227 VCE=z 2.0S6E~00 RETANCE=1,003E+00"  GM2=2,534E=15  RPT="1,773E+1
323 ROz 4,A71E+13 CPIz 4,500F=13 CMiiz 3,793E=13 AFTAACT~4,339€=0
324 FTzeyg ,8h2E=04
32%
326 NAME: Q4S MONEL: PND
327 L N
‘328 [R2=§.27S5F=13 ICS K,245€=12 VHBF= 0,000E+00  VRCZ<1,036E+0
329 VCE= 1,02AE+NQ HETADC==1,003F+00 GMz=1 ,2hdE=15 PPT2 1,713F«1
330 RO= S,0N2F+13 CP1s 4,500F=13 CMIlz 4,2%5F =13 BFTAAR==2,145E=0

85
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331 FTzw2,304E=04
332
333 NAME: Qa4 MODELS: RNO
33“______. . ._ - T e .
: 33S [8s=e 225F=12 T1C= 6.285F~12 VBES 0.000E+00 VB =et ;035F e¢
336 VCE= 1.026E+00 BFTADC==1.003F+00 GMs=1,264E=15 RPT= [, 713Fe ]
337 ROz 5,002€+13 CPI= 4,SN0E-13 CMIiz 8,235F=13 BETAAC==2.165E«(
333 FT==2,303E=04 —T T
339
340 NAME: ga7 MODEL: RPO _
331 ’
342 I[R==1,215E=06 ICz=1,879E=04 VRE==6,903E=01 VRC= 1,282E+( i
343 VCE=={ ,3S51E+01 8FTADC= {,546E+02 GMz 7,256F=03 RPI= 2.24SE ¢
334 RO= 3.752E+0S CPI= 2,977E=12 CMU= 1,82aE=13 BETAAC= 1| .629E«!
345 FT= 3,655E+08
386
347 NAME: Qa8 MODEL: RPO
348
349 IRz=1,214E=06 IC=~1,879€=04a VBE=S=6,903E=01 VBGS 1.,2B81E#¢
350 VCE==1,.350€E+71 AETADC= 1,5a5E+02 GM= 7.2S6E=03 RPT= 2.245E+!
/ 351 ROz 3,7S0E+05 CPI= 2,978E=12 tMiy= | ,825E=13 BETAACS 1,629E+!
352 FT= 3.654E+08
3 353
358 NAME: qgas MONEL: RNO
355 - _ _ _ _
356 IAs 3.124d€E=07 ICz 5,063E=05 VBE= §,.479E~01 VBC==1.281E+(
_ 357 VCE= 1 ,.34SE+01 AETAOC= {,421E+02 GM= 1.,964F<03 RPI= 9,597E€+!
3 358 RO= 1,6ASE+06 CPI= 9,.812€=13 CMU= 2,680E-13 BETAACT 1,.88SE+!
: 359 FT1s 2.586E+08
360
31 NAME: 0S0 MODEL: RNI
342
363 I8=2 1.231F=06 IC= 1.,876F=04 VBEZ 6.681E=01 VBC==6.303E=(
364 VCE= 1,298E+00 BETANCS 1,523E+02 GM= 7,261E=03 RPI= 2,337E+:
3465 ROz 3,892E+05 CPI= 2,34aSE=-12 CMU= 6,.869€=13 BETAACS 1.697E+
366 FT= 3.,811E+08
367 _ _
368 NAME: @QS1 MODEL: RN1
, 369
370 [8= 1.231F=06 IC= 1,876FE=04a VBEZ A,681E=0]1  VAC=z=6,479E=
371 VCE= 1.316E+90 RETADCE 1.S24E+02  BuT 7 L261F=073 PPT= 2,.338E+
372 RNz 3.3892€+05 CPI= 2,3a5E=32 CMUZ 6.843F=13 BETAACS 1,697F+:
373 FT= 3,315E+08
374 1
375 NAME: @S2 MODEL: RN{
376 e e .
377 I8z 2.191E=07 I1C= 2.424F =08 VHEZ h,151F=01 VB(==4,027E=
375 VCE= {.018E+00 AFTADC: 1,10kF+02 GVYE 9,415F-0a APT= 1.496E+
379 ROz 3,015E+0A CPI= 1,377€E=12 Cillz 7,054E=13 RETAACS | ,408E«:
380 TETZ 7.194€E%07
341
342 NAME: QS3 2 MOPEL: AN} _ L L F
383 T i ) [
3a4 I8z 2,191E=07 IC= 2.4PufF =05 VBE= A,151F=0n1 VAC==a,027E=" i
385 VCEsS {,01RE+N0 BFTANCS 1.,10pF+02 G¥S 9,415E=na AP Tz | ,a94F+
_la106F+0c . ; '
86
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386 ROz 3.01SE+06 CPIZ 1,377F=12 CMHiz 7.0S4F=13 ARETAACS | ,404F+C
387 FTZ 7.194E+07 T/ T
3a8
389 NAME: aSa MODEL: RPO
390
391 IAz==2,384F=0Ng IC==3 _,7R2F=04 VBE==7,089€=01 VRC= 1,2R7€+0
392 VCE==1.358E+0] AFETANC= 1,5AS5E+N2 GM= {,451E=02 RPIz 1.125E«C
$8 3" ——___RO= {,ASAF+0S CPI= S5.253E~-12 CMU= 1 ,83SE=13 BETAACS |,.633E+C
394 FT= ¢,209€E+08
395 e _
396 NAME: 0S5 MODEL: RPE{
397 R
398 [R=e2,5A1E-06 IC==3,308F =04 VBE==6,922F=01 VAC= 6,510E=C
399 VCE==1.3d3F+00 SETADCS 1.2A1E+02 GM= 1 .,276E=02 PIz 1,055E+C
409 RO= 1,.761E+0S CPI= 6,109€E=-12 CMIIz 6,984E-13 BETAAC=: {,347E+¢C ;
a01 FTs 2.984E+08 ;
q02 ;
403 NAMEM QSé MODEL: RP1 ;
a0a - :
a0s I8==6.019FR=07 ~ IC==8,318E-05 VBE=~6.510F=01 VBC= 1.310F+C '
qd6 VCE==1.37SE+0] BETADC= 1,382E+02 GM=s 3,278E-03 RPT= 4,799€+(C
407 RO= 8,S584E+0S CPI= 2,353€~-12 CMU= 2,5ASF=13 BETAAC= 1.549E+(
408 FT= 1.964E+08
409
410 NAME: QS7 MOOEL: RNO
a1l
al2 {B= 1.S5A9E=0s IC= 3,314€-04 VRAEz 6.950FK=11 VaC=<=1,9R0E+C
a13 VCE= 2.049E+0] BETADC= 2,0a5E+02 GM= | ,274E~02 RPI= 1.738E«¢
BYT —— RO= 2.T7T2E+nS CPI= 2. 213E~12  CMiJS 2.A59E=-13 BETAACE 2.215E+0
q15 FTs 8.,250E+08
ate }
TI7T NAMET 0SA MOTEL:  RNU .
a18 ;
219 IR= 2.991E-07 IC= 4,814E=05 VBE= 6,366F=01 VAC==]1,2R82E+¢ ;
a21 RO= 1.773E+06 CPI= 9,2A5E-13 CMiis 2,679E=13 BETAAC: | ,878E+C
822 FT= 2.4ASE*N3
T73
424 NAME: QSS9 MANEL: RN|
425
326 18 3. 722E=07 IC= 3,678F=05 VBF= 6.321E=01 VRC==3.865E=(
a27 VCE= 1.019E+00 BETADC= |,257E+02 GM= 1,816E=03 RPT= B8,3ASE ¢
a28 RO= 1,.560F+0g CPI=s |,S20E=12 CMHIs 7,110F=13 BFTAACS 1,523E«¢
r-LE FYZ 1.296E+08
] 4230
a31 NAME: A0 MODEL: RN}
U3
433 IRz 2.076E=06 IC= 3,37SF=04 VBF=z 6,332F=01 VBC3=6,3A8E=(
a3a VCE= 1,320F+00 RETADC= {,AN2E+NR GMz | ,2R3F=02 RPIz= 1,.,3S3E«c
W3S T RO=T2,191E+087T CPIE T, 1ATE=12T  CHMUE 7.,017FE«13 BFTAACS "1, 736E ¢
a3n FT=s 5,258E+08
437
a3A TTMAME!T el T T T TUMONEL: T RpO T T - -
439
340 IRz=1,923E=04 IC=~3,039F =04 VBF=z=7 ,029F=ny VAC= 1.307E«¢

87
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441 VCE=2=1,377F+01 AFTADC: | ,SA1F+N2 GM= 1.]1A9F=n)D PPIs (.,4N2F <0
¥ 442 TRO= 2.321E+05 T CPIS d,348E=12  CMH= {.,821E=13 BFTAAC: |,640F«C
. 4ay FT= 4,107E+08
q44
' 445 T NAME!T &2 T "MONELT TRNILC - i
a4e6
aa7 I8z 1.A83E=06 IC= 2,970F=04 VBF= 6,804F=01 VAC= 0,000E+0
438 VCES 6.A0UE<0T BETANC= 1.577E+02 GMz {.147E=02 RPT= {,497E+0
aa9 RO= 2.435E+05 CPI= 2,991F=12 CMi1s 8,S0RE=13 BETAACE 1,717E+0
as9 FTz 4,752€+08
asy
452 NAME: Q63 MODEL: RPILC
453
asa [R==2.3a5F=08 IC==2.9hRF=04 VBF=-6.895F=01 VBC= 0.000E+0
as5 VCE==6,895E01 BETAODC= 1,265E+02 GM= 1,145E=02 RPI= 1.1h5E+0
456 RO= 1,949E+0S CPI= 5.653E=12 CMUS 1.031E=12 BETAACT 1,334€E+0
asT Fi=s 2.,727/E+08
458
459 NAME: Q64 MODEL: RNt
460
' a6t I8 4.329F=07 It= 6,599E=0S VBEz 6.368E-01 VBC==1.322E+0
| 362 VCE= 1.384E+01 BETADC= 1,525E+02 GM= 2,562E=03 RPI= 7.119€+0
a63 RO= 1.300E+0h CPI= 1.577E~12 CMII= 3,904E=13 BETAAC= 1,824E+0
‘ 464 FT=z 2.,069€E+08
: 465
| 366 NAME: 065 MODEL: RN
‘ a67
x a68 IB= 1.662E=0h IC= 3,046F=04 VBF= 6.768E=-01  VBC==1,278E+0
369 VCE=S 1.346E+01 BETANC= 1.833E+02 GHM= 1.178E=0Q RPI= 1,705E+0
i a70 ROz 2,.792E+05 CPI= 2,771E=12 CMUs 3,.981E=13 BETAACE 2,008E+0
371 FT= S.914F+08
a72
873 MNAME: Q66 MODEL: RNILC
a7a :
a7s I8s 1.926E<=0h IC= 3.044aFk=04 VBE= 6.810E=-01 VBC= 0,000FE+C :
a7s VCE= #,810F=01 BETADC= 1,SARQF+02 GM= 1,17SF=02 RAT= 1 .862E+C ¢
ar7 ROz 2.376F+05 £Pls 3,033E-12 CMiis B,S23E=13 BETAACS |, 718E+C 5
478 FTz a,814E+08
ar79
380  NAME: Q&7 MODEL: RNSC
481
482 IRz 4,970E=06 IC= 8,185E~04 VBE= 6,481E=0] VRAC==],428E+C l
4a3 VCE= 1,493F+01 RETADC= |,647F+02 GM=z 3,176aE=02  RPT=z 6,034dE+C '
484 ROS 1,0AR0E+NS CPI= 1.343F«11 CMU= 1.84S5E=12 BFTAACS [.916E+(
aas FT= 3,298E+08
Y1 L
4A7 NMAME?T D6A MODEL: PPaC
488
489 IB==5 . 7NAE=Ngq I1C==8,178F=04 VHEZ2=6,560F=01  VBFz 1,427F+(
490 T VCE==1,493E+01 RETADCT |,4%IE+02° 6= 3,173F=027 RPI=Z S,014EeC
a91 RO= R,.A29E+04 CPI= 2.006F=11 CMIZ {.170E=12 BETAAC=S 1,.S91E+¢C
492 FT= 2,379E+08 ~ o e L
493 _Fl= 2.,379E+08 )
a94 NAME ¢ N&69 MONEL RNILC




wi 28 JUN 79 21:51:17 HARRTS SLASH/A PAGE
a%e IRz {,240F=0% 1€z 1,878F=04 VEFs 6,hR3F=0} VRC= 0.000F+
497 VCE= h.6R3F=A] RETADCS 1.SU3F+n2 GM= 7.2R0F=03 RPTS 2,320F+
498 RO= 3,3a61E+08 CPIz 2.354F=12 CMiiz B,299€«13 BETAACS 1 ,6R4E+
as9 FT= 3,AP9E+08
5040
S01 NAME: Q70 MODEL: PRNILC
502 '
5073 IB= 1.240F=06h IC= 1.876£=04 VBE= 6,683E=0] VBC= 0,000E+¢ :
504 VCE= 6,.6A3E-01 BETADC= 1.S513E+02 GM= 7,260E-03 RPT= 2,320E«( !
505 RO= 3,841E+0S CPI= 2,354€E=12 Crmiz 8,299€=13 BETAAC=T 1 ,684E +!
506 F1= 3.629E+08
507
508 NAME: QT7t MONEL: PRNILC
509
S10 1Bz 3.79S5F=07 IC= 6.,306E=05 VBFEz #,399E=01 VBC= 0.000E+(C
St1 VCFz #.399F=01 HFTADC= 1.315F+02 GM= 2,447E=-03  RPIz 6.377F+(
S12 RO= 1.151E+06 CPIz 1.620E=~12 CMIJ= 8,094F =13 BETAACT 1.S6LE+(
S13 FT= 1,603E+08
514
; 515 NaME: Q72 MONEL: RPILC
f Si6
S17 [Rz=h ,6THFE=07 IC==7 ,R22F =05 VBE==6,580F=01 VBC= 0.000E+(
f 518 VCES~6.540E-01 BETADOCS l.l42F+02 GM= 2,.957E=03 RPI= 4,303E+(
' S19 RO= 7.609E+0S CPI= 2,478E~-t2 CMJ= 8,932E=13 BETAACE 1,.,272E+(
i 520 FT= 1.396E+08
\ S31
x S22 NAME: Q73 MODEL: RNO
i 523
! S2a ~ IB==7.364C=11 ICs 7.392E=11 VBEZ= 0.000E+00 VBC==1.213E+C
525 VCE= 1.213E+01 BETADC==1.N04dE+0Q GM==1,494E=14 RPI= {,713E«!
526 RO= 3,8A2€+13 CPIz 4,500F=13 CMl=Z 2,707E=13 BETAAC==2,562C=C
Se7 FT==3.303E=N3
528
S29 NAME: Q7a MODEL: RNt
530
531 IR=~1.81aF=10 IC= 1,821F=10 YRF==6,367F=04 VBC==],a95E+(
532 VCE= 1,804E+01 BETAQC=~1,004F+09 GM==3 6RAE=14 RPT= 8,S64E+!
5I% R0z 1.837E+13 CPI= 8,198E~13 CMIl= S,R4dE=13 BFRTAAC==3,155E=~C(
534 FT==4,869E=03
535
¥3e NaME: Q75 MODEL: RP1
537
538 IBz 1,2A9F=10 Ifs=1,275F=10 VBEz=6,3A7F =04 VRO= | ,49dE+C
539 VCE==1.404E+N1 BFTAQC==1,00QE+00 GMZ=3629E~14d AP1=1,208€E¢1 |
549 ROz 2.450E+13 CPI= 9,502F=t3 CMHIZ 2,473E«13 BETAAC==3,176E=C
sat FT2e3 ,494E=03
Sa2 - - ’ -
S43 NAME: Q76 MAQNEL: RPY
Sa4
545 IBT §5,0A5E=T2 I6S=8,081Fe12 VKEZ 0.,000F+n0 VRE 2 1,192 +¢
S46 VCEzel ,192F+00 RETADC=2=1,003F«0¢0 GMzwl ,0R3F=1] ARz 2.,447%+1
sa7 RO0= 7.,060E+13 CPIT S,200F=13 CMIZ 3,678F=13 BETAACZ=2,649€=C
548 FT==1{,981E«04 T, T T T— T T T - i
549

550 NaME: 077 MONEL: RPY




4-------------I-IIIIIIIIIIIII---I!I-II.'

wi 28 JUN 79 21:51317 HARRTS SLASH/B PAGE ¢
551
ss27  IBs {.013E=-11 ICS=1.016E=11 VHE= 0,N00F+00 VACS 1,.192F«+(
553 VCE==1,192E+00 BETADC==1,.003E+00 GMz==2,166F=15 RPI=z 1,223F+!
sSa RO= 3.,5%0F+13 CPI= 9,500F=13 CMIlz 5,272E=13 BETAAC==2,649E=C
855  FT==2.333E«04 ‘ T
556
§57 NAME: 078 MQODEL: RPO
§58 —
$59 IRz S,065E=12 IC==5,081E=12 VBE= 0,000E+00 VRC= 1.192€E4+0
560  VCE=~1,192€+00 BETADC=<1.,003F+00 _ GM==1,083E=15___RPT=_2,447E+1
Sé61 RO= 7,060€+13 CPTs 5.200€-13 CMU= 3.678E-13 BETAAC==2,649E=0
sb2 FT==1,941E«04
563
S6a NAME: 079 MOOEL: RN1
56S l
566 IRs=-1,317€E=11  1C= 1,321F=11 VBE= 0,000E+00 VRC==1.,0RSE+N
567 VCF= 1.0RSE+00 BETADC=~=1,0NN3E+00 GM==2,ATUE=1S RPT= B8,564E+1
S68 RO= 2,497E+13 CPI= 8,200E=13 CHMU= 6.,223E~13 BETAAC==2,290E=0
569 FT=~2,951E=04
570
571 NAME: QA0 MODEL: RM1
} 572 _
573 IRS=1.317€=11 IC= 1,.371E=1] VBE= 0.000E+00 VBC=-1,085E+0
s$74 VCE= 1.08SE+00 BETADC==1,003E+00 GMz=2 ,673E=15 APIz B8.ShUE+)
S7S RO= 2,397E+13 CPI= 8.,200E=13 CMIS 6,273F=13 BETAAC=«2,290E=0
576 FT==2,951E£=04
577
‘ 578 NAME: @Al MODEL: ANt -
379
l 580 I8==1,317F=11 IC= 1.321E=-11 VBE= 0.000E+00 VBC=s~1 . 0ASE+0 j
s81 VCE= 1,0ASE+00 BETANC=~1,003E+00 GMz=2 ,674E=15 RPTs 8,5h4E+1 !
EL-H ROZ 2,407E+13 CPI= 8.200E-13 CMUS 6.003E~13 BETAAC==2,.290E=0 f
583 FT2=2.951E=0a ;
584 , ;
§85 NAME: Q82 MODEL: RN1 ;
sas
587 Ifz=1,317E=11 IC= 1,321€=11 VBE= 0,000E+00 VBC==1,08SE+0
Sa8 VCE= 1.0AGF+00 RETADC==1,003F+00 GM==2,678E=15  RPI= B8.S5k4Ee!
5389 RO= 2,497E+13 CPI= B8.,200E=13 CMi)2 6,223E=13 BETAAC==2,290E=0
590 FT12-2,951E=04 __
S91
$92 NAME: Q83 MODEL: RPO
593 -
%9%a IS Ah.721E=11 IC==6,748E=11 VBE= 0.000E+N0 VRC= |.5R2E+0
s95 VCE=~1.582E+0] BETADC==1,004F+00 GM==~} ,4%7E=14 APT= 2.,44T7E«! J
59 ROz 4,806E+13 CPI= S5,200E=13 CMUZ 1,694E=13 BFTAACZ=3,516E=0
897 FT=e3,317F=03 - '” 3
598
S99 NAME: Q84 MONEL: RANBC
800
601 [R==1.330E=10 I1C= 1,335F=10 VBE= 0.000E*N0 VHC==1.370F«0
602 VCE= 1,370F+00 RETADC=~1,0. 3E+00 GM==2,702E=1a RPT= 1.070F«1
B03 T RNz 3,.098F+127 T CPl=z 6,200E<12" CMHs 2,8S53E-12 BETAAC3=2,892F =0
604 FT==4,749F=04
60S




e e

Wi 28 it 79 21:51:17 HARRTS SLASH/S PAGF
606 NAME: Qas MODEL: R/NO
BO7
6508 IR==} ,2R5E=11 IC= t,2R9F=11 VRFz 0,000E+0Q VRAC==2,11AF«
509 VCF= 2,118E+00 BFTANC==1,003E+00 GM==2,610F=15 RPT= |,713E+
B10 ROZ d.8h4E+13 CPYZ G3,500F=13 CMU= 3.773E-13 BETAAC=E=d 47)E-
611 FT==5.021E=04

91

R




1 DINS PHOTOPREAMPLTFIER OPFRATING POINTS (TEMPFRATURE 125 DERRFES C)
2
3
4 eseee VQOLTAGE SUPPLY CURRENTS =meee
5 . _ e
[ MAME CHRPNT NAME CURRNT
7 VPDOS_ =3,430€=03 YNFG =~ 3,894E=-03 TOTAL POWFR = 110 MW (OME CWANN
a
9
10 =~=== IENER DIQONE <-==- _— . —
11
12 NAME: n2y MODEL: 0NZR
13
1a {0==2.774E=04a VD==6,460E+00 PEG=E 1.259E+02 CAP= 1.297F-
15
16 cvoa=e AJT'S ecowew
17
18 NaAME: Q1 MODEL: RPO
19
20 I8 3.157F=08 [C==6,972E-05 VBF==4,873F=01 vBC= 1,294k«
21 ‘VCEze].343F+N1 RFETADC==2,1ASE+03 GM= {,996E=03 PPT= 1.008EF«(
22 RO= 1,035E+06 CPI= 1.37SE=12 Y= 1,386E=13 BETAACS 2.012E+(
, 23 FT= 2,099E£+08
F ! aa
i 25 NAME: @2 MODEL: RPO
i 26
| 27 I8= 3.242€-08 1C==6,97SE=05 VBFz=a,875F=01 VBC= 1.303E+
i 28 VCF==1,351F+0] BETADC==2,151F+03 GM= 2,012€=03 RPT= 1.002F «¢
] ‘ 29 ROz 1.028E+0& CPI= 1.379E=12 CMU= 1,3R3E~13 RETAACS 2,016E+(
30 FT= 2,110€+78
; 31
' X2 NAME: 33 MGOEL: PNO
1 33
E 34 182=3.591E=07 _ 1C= 5,092F=0S__ VBEZ 4.6S51E=01_ VAC==1.339E+r
1 35 VCEz {,395€+0] AETAOC==],.d1BE+02 GM= | ,d4h0E=N3Z PIs | ,569E«(
36 ROz 1.717E+06 CPI= A8,S572€E=13 CMUy= 2,3571E~13 BETAACE 2,2Q1E+(
37 FT= 2,124F+08
38
39 NAME: Q4 MODEL: RN!
a0
a1 18z a4,037€=07 ICz 7,014F =05 VREz 4,5AkF=01  VEC==5_ JRRE </
a2 VCE= 1,007E+00 BETADC= 1,737F+02 GM= 2,0%6E=03 RPT= 9,3R30E«¢
a3 ROz 1,048E+06 CPT= 1.521€=12 FMIIZ 5,511F=13 3ETAANS | ,90QE «(
aa FTs 1,492E«08
as
46 NAME: Q& MODEL: PN1 L
a7 h
; as 1A= ¢.118F=07 ICz 7,.010F=05 VBFE= 4,9RkKE=N} VBN S<«d , 6S1F e
49 VCE= 9,237F=01 @ETADC= 1,703F+n2 GMs 2.0TSF=03 APT= 9,374F «;
I 507 T ROs 1.,008E+0a  CPIT 1,521F=127 CMilZ 6,6R1F=13 AETAACE 1.907Ce¢
51 FT= |.,879F+048
52
r S3  NAME: A MOOEL: “anty — T T Tt T
r sa
55 TRz 1,302F=07 IC= 2,4ATF-05 VEF=s 4,23%0E=ny VRCZ=] ,07SF e

92




AD=A112 2358 HARRIS CORP ‘!LMUR?! FL F/8 9/1
INS FINAL REPORT, (U
[ 4 PIRNANDEZ' J W BOARMAN BNAODI-'I!-C-OSSC
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o £
fles =" \::a‘
H2s Tl s




[
L -
3
!
56 VCEs 5.30SE-a1 PETAOC= 1,308F+02 GM= 7,228F=04  RPIs 2,297E«
§7T RN 2,927E+0p T CPIZ 1,2R9F<12  CMIZ 7,611F=13 BFTAACE 1,6h0F
3 sa FT= S.610E+07
‘ 59 )
1 K0T NAMET A7 MODEL: RNT
; 61
< 62 IRz 1,902F=07 IC= 2,4R7E=05 VBEz 4,2%0F=01 VRC=~1,07SE-
®3~  VCES S,30SEen{ BETAOCS 1.308F+02 GM= 7 .228E=04 RP1= 2.297€«
1 64 ROz 2.927E+0p CPI= 1,289€=12 CMilz 7,611E=13 BETAAC= 1,6K0E«
} 65 FT= S.610E+07
b Y3
67 NAME: 0R MODEL: RPH
68
b &9 [8=~2,.723E=07 IC==1.39ak<-04a VBEz=S,113F=01 VBC= | ,404dE+
70 VCE==],4S5SF+ny BETAOC= 5,120E+02 GM= a,0P3F=n3 RPI= S5.229E+
71 R0z S.1ASENS CPI= 1,9A3E=12 rMi1s 1,.355E-13 BETAAC=: 2,104E«+
72 FT2 3.002€E+0A
i 73
78 NAME: Q9 MONELS RPY
3 LA
ﬁ 76 IB==.,.812F=06 1C==2.826E=08 VBE==S5,196E=01 VRG= 4,.576E=(
77 ‘VCE=«=9,772E=N1 BETADC= 1,559F«0N2 GM= 8,172F=03 RPIz 2,097E«/
= 2.0S1E+ CPI= 4,453E~12  CMU= 1.393€=12 BETAACE 1.714E+(
' 79 FT= 2.225€E+08
80
3 21 NAME:T Q@10 MOOEL: RPI
2
83 18z S.15aF=07 I[C==5,986F =05 VBEz«a,576F =0} VBE= §.361E+(
i 0 VEE==1.407E+N] BETADC==1,162E+0¢ GMS 1.713E-03 RPT= 1.116E+(
: 8s ROz 1,218E+0¢ CPI= 1,39SE=1¢ CMUS 1,954E-=13 BETAAC= 1,912E+(
l 86 FTz |,.30aE+04
37
Y.} MAME s 211 MONEL RNO
89
90 “I8= 1.394E=07 ICs 2.8°01F-04a VBE= S.022E~=01 VAG==2,05AE +(
91 VCE= 2.109E+01 HETADC= | ,.4R9E+03 GM= 8,107E=n3 RPT= 3.37SEeC
92 ROz 3.30aF+0S CPI= 1,651E=12 cmuiz 2,183E=13 BETAACE 2,736E+C
T3 FY¥= 6.903E+04
Qa
95 MAME: 012 MNOEL: 9N
L)
97 I1B==3,698E«n7 1C= 4,742€-05 VBF=s 4,628F=01 VBCs=],340E+¢
98 VCE= 1.3R7E+N] BETADC==],288F+02 GM= 1,.3AdUE=03 RPIz 1.6h6E+C
L L RO 1.8%8F+0h  CPI= B.ad0E=13 CMIIs 2.37aE~13 BFTAACT 2,274E+¢
100 FT= 2.008E+NA
101
{02 MAMEI Q13 MONFETT  RNY
{ 103
! 104 IRz 3,1¥3E-07 IC= 4,733F =05 VBF= 4,452F<91 VAC2e1,93dF a0
1087 VCEZT6.%86F =01 TRETADCZ 71, ST1E+02 7 GM="1,37SE=N3 RPI= 1,323E+¢
106 ROz 1,.S8SE+0s CPI= 1,d10E=12 Cwitz 7,377E=13 BETAACE | ,818E+¢
107 FT= 1.019F+03
10a -
109 MAME ¢ Q14 MODEL RNY
110




111 18s 1,4R7F«06 IC= 2.83%2F=04 VHF=z S5,073E=01 VAC=~d,459€=
, 1127 7 VCE= 9,532E-01 RETADCS [.90SF«03 GMz= 8,189FE=03 ~ RPI=z 2,S79E«
i 113 ROz 2.5R1E+NS CPI= 2,4R0E=1¢ CMi= 7,.698F=13 BETAACS 2,112E+
3 114_____‘ FT= 4,010€E+08
4 115 CoTTT T T T -
] 116 NAME: @15 MONEL: RPO -
117 ;
{1a” [8==R,020E=07 1€=-2.439E<04 VBES=5,3T12E=01 VBC= 1 .357E+ ?
2 119 VCEz=1,.810€E+01 BFTADC= 3.042E+02 GM= 7,026E=03 RPIz 3.008E+: j
! 129 RO= 2,926E+0S CPI= 2.920E~=12 CMUs 1,381E-13 BETAACS 2.114E+:
y 121 FT= 3.ASTE+08
3 122 f
123 NAME: Q16 MONEL: RNILC |
128
’ 125 18z 1.554E=06 IC= 2.485F=04  VBF= 5.024E=01 VRCZ 0.000F +¢ |
126 VCE= S.024€=-01 BETADCT 1.574F+02 GMs 7,0R82E-03 RPI= 2.950E +¢ ;
127 RO= 2.2RA9F+05 CPI= 2.315E=1¢2 CM= [,132E=12 BETAAL: 2,089E ¢
1 128 FT= 3,270€+08 j
3 £29 _ |
: 130 NAME: Q17 WODEL: PPILC %
- 131 ‘
i 132 18=-1,988F~06 ICz=2.441F=04 VBE==5,147E=01 VBEC= 0,000F+( :,
1 133 VCE=-5,147E=0] BETADC= 1.227E+02 GM= 7,074E=03% RPI= 2.407E+( |
i 134 RO= 1.441E+0S CPI= 4,047E=12 CMiJs 3.323E=12 BETAAC= 1.702E+¢ |
135 FTz 1.528E+08 ;
136
: 137 NAME: @18 MODEL: ANt ?
3 138 :
139 18==9,236FE=07 IC= 3.929E=05 VBEz 4,459€=01 VBC=~1.3h1F+( i
1a0 VCE= 1.,4N6E+N) BETADC==6,420E+01 GM= 1,68SE=N3 RPI= 1.2R2E+¢ ‘
. 141 ROs 1,4R8E+Np CPI= 1,819€E=12 g™z 3,506E-13 BETAACS 2,160E+¢
L 182  F¥= 1.516E+08
) 143
184 NAME: 019 MODEL: RN}
135
E 186 I8=«7,990€=-08 IC= 2,a52F~04 VBE: 8,959€E-01 VBC==1,335E¢(
147 VCE= 1,3ASE+01 BETADC==3.069€+03 GM= 7,068E=03  RPI= 3,459E+(
148 RO= 3.526E+05 CPI= 2.146E-12 CMU= 3,534E~13 BETAACE 2.44SE+(
149 FT= 4,501E+08
150
15T NAME: 020 MODEL: RNILC
152
153 1B 1,546E=Np IC= 2.a%6E=04 VBE= 5,023E=n1 VRC= 0.000E«(
1%¢ VCE= S,0703F=0] BETA0CE 1.57hF+02 GM= 7.0ShE=03"  RPT= 2.940E+¢
188 RO= 2.307F+0S CPI= 2.311E=12 CMY= 1,128E=12 BFTAACS 2,0R9E+(
156 FT=z 3,265F+08
187 - ‘ T
158 NAME: Q21 MODEL: PN4&
159
160 T IRZS27S0SESNe  1C= S§.7%BF=fa  VBFE a,76S5F=01"  VAC=<1.44AFe+c
161 VCE= 1,494dE+0] SETADC==2,299E+N2 GM= 1 ,.6A55E=42 RPIZ 1,.4diEec
162 RO= 1.530E+NS CPIz 6,88pE=12 CMliZ 9,97aE«13 BETAALS 2,38SE+¢ ;
1637 "7 TFTs 3.341Ee08 T~ — s
164 i
165 NAME! Q22 MODEL: RP4 “'1




———

166

167 = S,746E=NT 1C==5,74AE=N4 VBF==0,879F=01 VAGS |.485F+¢
168 VCEz=1,494E+N] BETADC=3=1,000F+03 GMs 1 ,657E=02 RPT= 1,240E«¢
169 ROz 1.271E+0S CPI= 1,039F=11 CMUz 5,604E=13 BFTAACE 2,054F «!
17D FTs 2.408E+08

171

1;2 NAME: Q23 MONEL: RNILC

173

174 Az 4,SAQ0E=07 ICz 7,.008F =05 VBF= 4,SA8F=01} VBC= 0.,000F +(
17% VCE= 4,SRBE=0N1 RETADC=z 1,5%0F+02 GMs 2,035E=03 RPIz 9.323E+!(
176 RO= 1.027E+76 s 1 IE=12 CMil= B,0P3E~13 BETAACS 1.89RE+(
177 FT= 1.370E+08

178

I79 NaAME: 0dda PODEL: RNILC

180

181 18= 4,579E-07 I1C= 7.004KF=05 VEE= 4,5R8F~01 VBE= 0.000F+!
1ae VCES 4.588E-N1 BETADCE 1.530E+0¢2 GM= 2,03S5E~03 RPI= 9, 325F +(
183 RO= 1.027E+9%6 CPI= 1.523E=12 CMiiz B8,423E~13 BETAALS 1,896E+(
184 FT= 1.369€E+08

3%

186 NAME: @25 MODEL: RNILC

187

bR L) — 1Bz 3,B00E=07 IC= 5.6N0E=05 VBES G,511E~01 VBC= 0,000F +¢
149 VCE= 4.S118=-01 BETANC= 1,474E+02 GM= 1,6P7E-03 RPT= 1.138E+(
190 RO= 1 ,2R88E+06 CPI= 1.454€=12 CMiiz= 8,327E=13 AFTAACE 1.8S1E+(
28 FT= [.13cE+NB

192

193 NAME: Q@26 MODEL: RPILC

Y93

19S I1Rzed,210€=-07 1€==5,592€E=05 VBF==a,633E=0} vaCs 0,000E+(
196 T "VCE=~a.633FE=01 RETADC= 1,328E+02 GM= 1,624E~-03 RPI= 9.683E+(
97 — RU= |.U39F+06 TPI= 1.9RGE~=~ 53 JE=T2 BETRACE [.S73E+(
198 FT= 8.632E+07

199

200 THAWEY U7 MDUEL: RNILT

201

202 18= 1.,809€=06 2.704E=04a VBF= S.0RA0E=01 VRACs 0,000E«¢

IC=

E=U3  RPI= 2.679E+

204 RO= 1.789F+0S5 CPI= 2,431E=12 CMU- l. ZﬁlE 12 BETAAC= 2,099€E«(
205 FT= 3,378E+08
2l6
207 NAME: Q238 MODEL: PNILC
208
209 YIRS T.3009F=06 " TYNGE =04  VBEE 5,060k=071 VATS 0,000€+¢
210 VCE= S,0#0E=01 RETADC= .uSgE+N2 GMs T7,838€-03 RPT= 2,673€«(
2l RO= 1 .7R9E+0S CPIz 2.,d431E~12 CMU‘ i. 261F 12 BFTAAC‘ 2 0°°E¢(
212 TFT="3,378€E+08
213
214 NAME: 129 MODEL: RNILC
351
216 182 1,809E=04 IC=2 2.,706E=04 VBE= S,0AmNE=01 VBC= 0,000€
217 VCE= S.N600Ff=01 RETADC= 1.49nE+02 GM= 7.,833E=-03 RPI= 2.679E ¢
218 ROZT,789F %NS €P1T 2,421€=12 CMUT [, 2hTF=12 BETAACT 2,099€«
219 FT= 3.37RFeNA
220

95

B liatnadvn N\‘?\"g“ pry:

|




221 NAME: Q730 MODEL: RNO

g2 7

223 [R==5,991F=n7 1€z 6.2%9F =07 VBE= 0,000E+00 VBC=={ ,2R9E+
224 = VCEs 1,2A9E€+N] RETADC=~1,041F+00 GMz==1,322E=09 RPI1= 6,762F«
225 RO= 4,540FE+0A CPISTUW,901E<13 T TTCMuUz 2,389E-13 BETAAC==8.941F-
226 FT==3,094F¢+02

227

228 NAME: @317 TTTTMOOEL: T RNOT T - )

229

230 IB==3,.6A7E=-07_ IC= h,S511Fens VBEs 4,731E=01 VRAC==] ,494€+
231 VCE= 1,541E+01 RETADC==1,7h6F+02 GM= 1.849F=03 ~ RPIz |,272F+
232 RO= 1.3A3E+0s £PI= 9,090E~13 CMitz 2.322€E=13 BETAAC= 2,378E«
233 FT= 2.607E+08

234

235 NAME: 032 MODEL: RNO

236

237 IR==3,RRTE=07 IC= 5,511E«05 VBE= 4.7%1E=01 VBC==]_.494E+
238 VCE= {.561E+01 RETADCC==1.766FE+02 GM= 1,.369E=03 RPI= 1,272€+:
239 RO= 1.363E+0h CPI= 9.090F~13 CMU= 2,322€-13 BETAAC=z 2,378E+«
240 FTs 2,607E+038 -
241 .

242 NAME: 733 MOCEL: RNO

2a3

244 IBz=3,039€=07 I1C= 6.471F=05 VBE= 4,734E-n1 VBC=<1 ,360E+(
245 VCEs | ,407E+0) BETADC==2,130E+02 GM= 1,.860E=03 RPIS 1,261E+(
286 RO= 1.349E+06 CPT= 9.115E~-13 CMI)= 2,.368E=13 BFTAAC= 2,384E+(
2a7 FT= 2,577F+08

248

249 NAME: 034 MODEL: RNO

250

2S1 1R==3,039F=07  IC= 6,471F=05 VBF= 4,73aE=n1 VBCz=1 ,360F+¢
252 VCE= 1.407E+01 BETALC==2,]30E+02 GM= 1,8h0E=N3 RPTZ 1,2A1E+(
253 ROz | ,349E+06 CPI= 9,115€E=13 CMU= 2,368E=13 BETAACT 2,344F +(
258 __ FT= 2,577E+08

255 ' o T

256 NAME: @35 MODEL: RPO

257

258 I8z 2.870E=08 IC=-2.973E=08 VBES= 0.000E+00Q VBC= 8,817E=¢
259 VCEz<3,817E=0] BETADC==1,036E+NQ GM==6,709€=11 RPIs 9,686F+(
260 RO= 8.066FE+08 CPlz 5.200E=13 CMUz 3,181E=13 BETAACZ=g,U49RE=(
261 FY==1.,274aE+01 -
262

263 NAME: Q36 MODEL: RP1

264

265 IRz 5,7a0E=0A I1C=~5,9a6F <03 VBF= 0,000E+00 VRAC= 8,817F-(
256 VCE==8.A17F=01 RETANL==1,036F+NQ GMS=1,337E=10 RPTI= 4,843E«(
267 RO 4.233F+0A  CPI= 9.500€<-13 CMII= 4,Sh3FE=13 BETAACS<6,47SE =
268 FT==1,S513E+01

269

270 T NAMET 337 MONEL: RPO

2m

272 IRz 2,870€E=-08 [C==2,973F-08 VBFE= 0,000F+n0 VRAC= 8,817E=¢
273 T  VCFz2=8,817E=01{ RETADC==1,036F+00 GM==6,709E=11" " RPT= 9,pR6Ee+r
274 ROz A.d66E+08 CPI= S,200Fe13 CMUz 3,1A1F=13 RETAAC=~6,498E="r
278 FTse| ,274E+




276

217 NAMET {34 MONELT AN

278

279 IR==3,084F=08 IC= 8,375F=-ng VBE= 0.000F+00 VArz=8,698E=
280~ VCE=Z R,b98E=0] BETAOC=<{.036F+00 GM==1.,776E=10  RPT= 3,393E+
281 RO= 2,9R1E+08 CPI= 8,200E=-13 CMU= S.916E-13 BETAACR=~-6,029E~-
282 FTz=e2,002€+01

2873

284 NAME: (335 MODEL: AN?

285

286 [A==8,.0A6F=08 IC= 8.373E=08 VBE= 0.,000E+ND VBC=w8.6Q8E=/
2a7 VCE=s 8,a98F<«0] BETADC==1,036E+0N) GMze=],776E=10 RPI= 3,3Q3E+(
288 RO= 2.9R1E+NQ CPI= 8,200F~13 CMIIS 5,916E=13 BETAACS=6,025E=!
289 FY==2,002E+01

290

291 NAME: Q40 MONEL: QN1

292

293 I18==8,0R6E=N34 IC= 8,37SE=-08 VBE= 0,000E+n0 VBC==8,698E=(
294 VCE= R,.6%3F=01 BETADR==1,036E+00 GMz=],774E=10 RPTS 3,393F+(
295 RO= 2.981€E+n3 CPI= B8,.200F=13 CMUZ 3.,916F=13 RETAAC==6,025E=(
296 FT==2.002E+01

297

398 NAME: 041 MODEL: RN1

299

300 18==8,084F=08 IC= 8,37SE-04 VBE= 0,000E+N0 VBC=e8 698E="(
301 VCE= 8.698E<01 SETADC==1,036E+00 GMs=1,776E~=10 RPT= $,393E+¢(
302 RA= 2.9K1E+08 CPI= 3.200E~13 CMUZ 5,916E=13 BETAAC==6.025E=C
303 FT==2,002E+0

304

305 NAME: Qa2 MODEL: RPO

306

307 I8z 4.A63E=07 1C==5,0R3E=07 VBFE= 0.000E+00 VBC= 1.496E+0
30a VCE=={,896E+0] BETADC==1.,0a4E+00 GMz=1.137E=09 RPTI= 9,663E+0
309 RO= S.816E+08 CPI= S5,200E=13 CMUS 1.316E=13 BETAAC=~1,098E+0
319 FTs=g,776E+0C

311

312 NAME: (43 MODEL: RNa

373

314 I1Bz=3,7A2E=N7 1C= 3,917€-07 VBE= 0,000E+n0 VBC==1,017E+0
315 VCE= 1.017€+00 BETADC==1,.036E+NQ GM==3,1hbE=1Q RPT= 8,47RE+N
K37 ROU= 7.80GE+07 CPI= 3.2n0f=1g2 CMIJ= 1.658E=~12 BETAACS=6,924E=0
317 FT=«2.675E+01

31a

IT9 RANE: 144 MODEL: RNO

320

321 IR=e7 ,09uF N3 1C= 7,349F =08 VBF= 0.000F«nNQ VACSel,526F+n
322 VCEE (. 5R6F+ 00" JETADCS=T A/ E+00" GMze{S68E=10 RPI=x"6,787€E+0
323 RO= S5.862€+08 CPI= 4,500F=13 CMIIZ 3.8R29F=13 BETAAC==]1,064dE=Q
324 FT==3,070E+01

325

326 NAME: nas MODEL: RNO

327

328 165=a,043E=-13 ICE 4, TR7E=-08 VEEE 0.000F+00" VRCSeB,a9RE=H
329 VCE= 8.p9AF=N] BETADC=S=1,03RF+00 GM2=4,937F =1 RPI= 6,7R8Fe«n
330 RO= S,962€E+08 CPTI= 4,500F=13 CMIIZ 3,993FE«13 RETAALI=6,0h7Ew0

L




331 FTae] ,A7SE+N]

332 T

333 NAME: Qae MODEL: RNO

33a

335 7 1B8=eq,043E-N8 IC= §,187F=08  VRE=z 0_,000E+00 VRC==8,69A8F~

336 VCE= 8.698E=-01 BETADC==1,036F+n0 GM==8,937E=11 RPI= 6.7A8E~

337 ROZ S.962E+0A CPI= 4,S500E=13 CMUJ= 3,993E«13 BETAAC==6,06T7E~

338 FTze] ,675E+01 ot T

339

340 NAME: 4347 MODEL: RPO . L

341’ ’ ’ -

3a2 18==5,235E=07 1C==1.84AE~04 VBE==5,214E=01 vVBC= 1.334E+

343 VCE=~1.346F+01 BFTADC= 3.5°7E+02 GMs_S5,.325E-03 RPI= 3.94lE+

344 RO= 3.86KE+0S  CPI= 2.397E=12 TMIIZ |,3B4FE=13 BETAACS 2.099E+

345§ FTs 3.342E+08

386

347 NAME:T @44 MODEL: RPD

348 '

349 IRz=5,269€-07 1C==1,852F~04 VBE==5,216E=01 __ VBC= 1.332E+

350 VCE=«1.384E+0] BFTANCE 3.515E+02 GMz S,342E<03 RPT= 3,929F+

351 RO= 3.8S3E+0S CPI= 2,403E~12 cMi)z 1 ,384E-13 BETAACS 2.099E+

352 FT= 3,33S5E+08

353

354 NAME: 149 MODEL: RNO

355

355 IR==3,a63E~07 IC= 5.199F=05  VBEZ 4,699E=01 VBC==1.332E+

357 VCE= 1.379€E+0)1 BETADC=~1,501E+02 GMs 1,491E=03 RPI= 1.S37E+

358 ROs 1.,A78E+06 CPI= R,618E~13 CMiz 2,377E=13 BETAAC=E 2.291F+

399 FT= 2.158E+08

360

361 NAME: @So MOOEL: RN1

368

363 18s 1.00SE=06 I1C= 1.8SSE~04 VBE= 4,924E=01 VRC==4,520€E~

364 VCE= 9,444E=01 RETADC= 1.886F+02 GMz S.375E-03 RP1z 3,844F+

355 ROz 3,.9G9€+0S €PT= 2,087E~12 CMIZ 7,138E=13 BETAACS 2.066F+

366 FT= 3,098E+08

367

368 MAME: @31 MODEL: FNI1

369

370 1A= 1.004E=06 1tz 1,455F~0a VBF=s 4,928E=01 VBC==4,659E~

371 VCEs 9,983E=01 BETADCE 1.B849E+ng GV S,37%9E=03 RPI= 3.84SE+.

372 ROz 3,9S0€+0§ CPI=z 2.047E~12 CMH= 7,094E=13 BETAAC=S 2,066E+:

373 FT= 3.103E+08

37a

375 NAME: NS2 MODEL: RN1

376

YT 1A= [L799F=0T 1€ 2.4A2E~A8  VBF= d,2729F=01 VBCE=3.11aF =

378 VCE= §.342F<=0) 8FTADC= 1,3A0E+n2 GM= 7,2n8E=~N4 RPI= 2.30SE+

379 RNz 2,939F+NA CPIs 1,2R89E~12 CMiIS 7,200E=~13 BETAACE 1.661E+

340 PTs S.TV1EeNT

381

382 NAME: 0S3 MONDEL: AN}

34

3Aa 18 {,799€=07 IC= 2,4R2F«NS§ VBFS 4,279€-01 VAC==2,114F =¢

385 VCE=z #,3a2F=N] HFTADC= 1.380E+N2 GM= 7,208E-0a RPTI= 2,305F +(
o8

e d e
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gr - -

386 ROz 2.939F+Nh  CPIz [.2A9F=12  CMIZ 7,200E-13 AFTAACE 1,661E¢0 !
SA7TTF¥TE S,7T1EsA7 i
383 ;
389 NAME:! nSa MODEL: RPN
396
391 [B==1.,4a7F=0n [C==3,714F=04 VBEz=5,4haF =01 VBC= 1.317E+0
392 VCE==1,.372F+0] RETANCE 2,.5A7E+NQ2 GM= 1,0mb6E=02 RPTS 1.971F«D
333 ROZ 1. 399€+0S tPYs 4,08aF=12 CMZ 1,809€E=13 BFTAACS 2.101E+0
394 FT= a,01SE+0A
395
I8e NAME: 055 MODEL: RP1
397
398 1Rz=2 ,255E=-04 ICs=3,270F =04 VRFz=5_248E-n} VRC= 4,6%30F=0
ﬂq 7553'5.53-55751 5'.'55C= 10“-:0i.."“é cM." 5.“51' "63 upr: loalaE’ij
a00 RO= 1,499€+0S CPI= 4.933F=12 CMllz 2,27SE=12 BETAAC= {,718E+0
a01 FT= 2.0ASE+0A
402
403 NAME: QSe MODEL: RP1
a0a
a “5 IH 3.8“5‘ =07 IC-"E.ﬁébE-“; VBES=4d,690E=01 ‘VEC= 1.342E’0
a06 VCEz=1,3R9E+01 RETADC=~2.170E+02 GMz 2,37SE-03 RPl= 8.,241E+0
ao? ROz A.TAL1E+0S CPI= 2.106E=12 CMiJ= 1,965E=13 BFTAACE 1.958F+0
j 308 ~ FT= |.RASE+N]
309
410 NAME: 0S7 MODEL: RNO
511
a12 182 3.6A6E=07 1C= 3.266F=04 VBEs S.275E=-01 VBC==2,037E+0
a3 VCE= 2,090E+01 BETADC= 8,861E¢02 G¥s 9,.377E-03 RPI= 2.922E+9
s 2. + 2 1.80/Ee MUz 2, - AC= 2,740k~
a15 FT= 7.36SE+08
l 416 !
\ Y7 NEMEY nBs8 ___ VPQOUEL:T WRND0 f
a1a 3
419 IBz=3,643E=07 IC= 4,.803E=08 VAE= 4,631E=0% VRC=={.334E+0 i
= 1. - == 1. 317/F+#08  GP= 1.37BE=03  PPI= 1.65¢E+0 i
a2 RO= 1.813E+04 CPI= 8,a58E~13 Cmyz 2,376E=13 BETAAC=S 2,274E+0
a22 FT= 2.022F+048
3273
424 NAME: @S9 MNOEL: AN|
azs
126 IB= 3.134F=07 ICs 4,T4RE=NS V3E= d,a53E=01  VAL==2,002E=0
a27 VCE= 6.,45SE~01 RFTANCs {,S1SE+02 GM= 1,379E«03 RPI= 1.319E+0
a28 ROz 1.S40E+04 fPIz 1,a11E«12 CMiy= 7,352E=13 RETAACS 1 .819E+0
qT9 FT= [.0c3E+05 i
a30 i
431 MAME: Qa0 MONEL: PRNj
32 .
a33 182 1,704F=0¢ 1C= 3,278F=04 VHBEz S,.12S5F=01 YBL 24 ,S07F=0
434 VCE=s 9.6 F«01 BETADNC= 1,924F+02 G 9,471E=03 RPI= 2.2a3E+0
T35 WNUS 2.227TE+05  CPI= 2.877E=l¢ TWIIE B,0TYE=TY RETEArs 2.154E+h
als FT= a,333E+08
a3l?7
a38 " NaAMES @b_tL  MOODELT Rv¥H i
439 K
Q40 1Bs=1.076F=04 Ifz22,996F«04 VBE==5,385F =01 VAC= 1,3S0E+N ]




4a1 VCF=s=1.404€+01 RETANC=_2,7A4F+02 GM= A,A1AF=03  RPI= 2,454E+
‘qa2° ROz 2,374FE+0S CPI= 3, 420F=12 CMI)="1,389E=13 BETAACE 2.114E+:
aas3 FT=s 3,A53F«08
a4aa _ - _ )
445 NAME: ph2 ""MQDEL: RNILC
Q46
4a7 18z 2,218F=06 IC= 3,026F=04 VBE= S.101E=0} VACZ 0.000E+«
488"~ VCE=z S.101E-01 BETADCZ {,364€+02 TGMZT B,764F=03 RPIZ 2,407E+¢
849 RO= 1,231E8+05 CPI= 2,574E=12 CMiiz 1,540F=12 BETAACS 2.110E«(
aso FT= 3,391E+08
451
252 NAME: (63 MODEL: RPILC
453 _
asa 1Rs=3,300F=06 IC==3,016E=04 VBF==5,226E=01 VRC= 0,000E+(
ass VCEze5,226F«01 RETANC= 9,.138E+01 GMz= 8,7S5E=N3 RPI= 1,953E+(
aS6 ROz S,066E+04 CPT= 4,6R7E=] CMIZ 9.7h6F=12 BETAACE 1.709E«(
a57 FTs 9,681E+07
b
4S9 NAME: Q64 MODEL: RNt
3 1Y)
3 as1 18s=8,774E-07 IC= 6,777E~0S VBE= 4,507F=01 VBC=se] ,3SSE+(
i 462 VCEs 1,400E+01 RETAOC3=7,.724E+01 GM= 1.932E-03 RPIs 1,136E+(
o 163 RO= 1.298E+06 CPI= 1.,455F~12 CMU= 3.S510E-13 BETAACS 2,194E+C
i 364 FT= 1.702E+08
{ 465
r 366 MNAME: @65 MODEL: RN1
867
468 -IBs 1 ,839€E=07 1= 3,024E~04 VBE= 5,.035E-01 VRC==1,31SE+C
E 359 VeET 1.366F+01 SETADCS 1.586E503 GM= B.728F<03  RPIZ 2.BI6E+C
3 aro RO= 2,.843E+05 CPI= 2,36SE~12 CMys 3,550E-13 BETAACS 2,467E+C
a7 FT=s S,107E+08
372
873 NAME: Q66 MODEL: RNILC
a7a
{ 75 (8= 2.191te08 ICs 3.008F~04 VBE= S5.009E=0] VBC= 0,000F+¢
a76 VCE= $,099E<«01 BETADC= 1.373E+02 GM= 8,.712E=03 RPI= 2.421E«C
a77 RO= 1,260E+05 CPIz 2,566F=12 CMU= 1,519€E=12 BETAAC= 2,109E+C
i q78 —FY:= 3,394E+03 A
are ’ .
s 480 NAME: Q67 MODEL: RNAC
Y31
aa2 IBz==6,122E=06 ICz 9,170E=-04 VBE= 4,.682F=01 VBC=s=1,456F+0
483 VCE= 1,503E+01 HETADC3~=1,498E+02 GM= 2,630E=02 RPI= B.902E+0
t a8y ROZ"9,843E+04d CPI= 1.256E-11 CMU= T,64SE-T2 BETAACT 2.342€+C
! 885 FTz 2.,947€+08
486
487  TNAMET 068 MOOEL: RPAC
388 :
489 18z 2.221E-N6 1C=-9,224€=-04 VRE3=4,802E-0y VBC= 1.430F+0 !
396 VCE=~1,.a78E+A| AETADC==d,[S2E+02 GMS 2.886E=02 RPT= 7.635E+0 :
a9y ROz 7.92SE«04d CPI= 1.8AS5F=11 tMU= 8,999€=13 BETAACST 2,025E+0
a92 FT= 2,163E+03
493
394 NAME ¢ B69 MONEL ANLLC
495

100
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e

a%¢ 182 1,116E=04 ICs {,854F-04 VBFs 4,926F=01 VRCz 0,000F«+
897 VCEZT W 926E=01 BETADCE 1.hA1F+02 M= 58,374F-03  RPI= 3,827E+
498 RO= 3,SA0E+0S CPI= 2,0S1E=12 CMU= 9,7S54E=13 BETAAC=Z 2,057E«"
as9 FT= 2,826E+04

500

S01 NAME: Q70 MODEL: RMILC

so2 -
503 —IBE [ ,I{7E€=Ns IC=1.,8%ar-04d VBRS 4,92AF=01 VBC= 0.000E ¢
504 VCE= 4,926E-01 RETADC= 1.661F+N2 GMs 5,37SE~-03 RPT= 3,827E+!
S0S RO= 3,.SA0E+0S CPI= 2.N0S1E=t12 CMI)= 9,7S5U4E=13 BETAAC=E 2,0S7FE+!
507

S08 NAME: Q7% MODEL: RNILC

509

S10 IR= 4,230€E=07 IC= 6,374F =05 HE= 4,S55F=01 VRC= 0.000E+(
S11 VCEz 4.55%E-01 BETANCS 1,S507€+02 GM= 1,8S1E=03 RPIs 1.015E«¢
512 RS {.130E+05 CPIz 1,a492k=12 TMIS B8,379E=13 BETAACE 1.878F+¢C
513 FT= 1,.265E+08

S14

SIS NAME?! 4a7e MWODEL: RPILC

516

517 1B==5,574E=07 IC==7,6R0F=05 VBE==4,782E=01 VAC= 0.000F«+¢
ST8 VECES=4d,.702E=N01 BETADC= 1,.37AE+08 GVS 2.230E=03  RPI= T.e20E+(
S19 ROz 7,.896E+0S CPl=z 2,219€=12 CMH= 1,100E=12 BETAACE 1,610E+C
520 FT= 1.,069E+08

521

S22 NAME: 073 MODEL: RMO

523

143 IB==5.8499F=07  IC= 6.142E=07  VBE= 0.000FE+00 VEC==].263E+(
s2s VCE= 1.269E+0)1 BETADC==1,041E+00 GMz=={ ,302E-09 RPIz 6.763E+¢
526 RO= 4.9S8E+08 CPIz 4,.S01E=13 CHilz 2,397E=13 BRETAAC=~8,804E=C
527 FT==3,003E+02

s24

S29 NAME: Q7a MODEL: RN

T30

S3t 1B==1,400F =04 IC= 1.860E=06 VBE==1.658E=05 VRf==1,S506E+C
532 VCE= 1,506E+N| BETADC=2=1{,042E+00 GMZ=3,067€E=09 RPI= 3,369%9E+C
TI3 RU= 2.176F+0R CPY= 8.202E=13  CMIIS 3.829k~=13 BETAAC==1.033E+C
534 FT==4,1%E+02

535

536 NAPMET Q7S — MODELY WPI

$37

5338 1Rz 9,64415=07 IC==1,004E=06 VBEze={ ,658E=05 VBE= 1 ,481E+¢
5393 VCE==1.dAIE+N] BETADC=~1,084E+00 GNS=2,240€E=09 RPIs 4,832€+0
sa0 RO= 2,918E+0N38 CPI= 9,502€=13 CMuz 1,.,895€-13 BETAAC=~=1,080E+C
sa) FT==3,127F+02

54

S43 NAME: Q76 MODEL: RPO

saa

45 " IBE Y.alar=08 1.==3.3%7F=08 VB8E= N.0N0E+00 VBC= 1.049E+C
Sae VCE==] ,0U9€«00) HETANC==1,03AF+00 GM==7 ,9A0E~11] RPI=2 9,hAReE+"
sa7 RO= 8,.421E+0N3 CPIlz $,2N0E=13 CMUYs 3,028E=13 BETAAC==7,729€=(
S48 FYSe].SaddF+0 T

Sa9

sS0 NAME ¢ 77?7 MODEL ¢ AP

101




SS1

552 IB="/h.R28F=04 [REST . 073F<E  VBES 0.000F+00 VACSE {,049F+¢
SS3 VCE=«1 ,039E+00 BETADC2=1,036E+00 GM==1,590F=10 RPI= 4, HA2E«C
S54 ROz 4,210E+08 CPIz 9,5N0E=13 CMU= 4,3U3E~13 RETAAC==7,T01E=C
§§5 T FTze].828E+01 ) T T .
5S6
557 NAME: 078 MODEL: RPO __
ssa -
559 IRz 3,814E=0A IC==3,537F =08 VBE= 0,000E+00 VRC= 1,045€+(
S60 VCEz=1,049E+00 BFTADC==1,.03AF+00 GM==7,9R0E~11 RP1= 9.6R6E+"
561 RO- 8. 0915008___—EP!—_5—200E «{3 CHMUS 3.0P8E=~{3 BFTAACS=T,739E~C
562 Tw} ,544E+01
563
S%a  NAPET Q79 MONEL: RN1I
565
566 I8==8.6A5E-08 IC= 8,97SE-08 VBF= 0,000€+00 VAC==9,321E=C
87 VCES 9.321€=-01 BETADC==1,036E+00 GM==1,903E=~10 RPT= 3,393E+0
568 RO 2,976E+08 CPI= B8,200€=13 CMY= S5.850E=13 BETAAC==6,457E=0
569 FT==2,155E+01
570
S71 NAMES (80 MOOEL: RN}
572
573 TRS=8.665E~08 ICs 8.97S56=08 VBE= 0,000E+00 VBC==9.321E=0
S7a VCEs 9.321E-01 BETAQOC==1,036E+00 GM==1,903F=10 RPT= 3,393E+0
575 RO= 2,976F+08 CPI= 8.200E=-13 CMiiz 5,850E~13 BETAAC==6,4S7E=0
ST6  FTI==3,1S5E+01
577
5§78 NAME: 08} MODEL: RNI
579
580 I8z-83,.665E~08 IC= 8.97SE-038 VBF= 0,000F+00 VBLz=9,321E=0
581 VCE= 9,321F«01 BETADC=~1,034F+00 GM==1,903E~10 RPI= 3,393E+0
582 ROT 2.976F+0d  CPLIS A,.200E=13  CMU= S5,.850E~13 BETAACS=6,457E=0
583 FTz=2.155E+01
S8a
585 ~MAMET Qaa ~MQDEL: RNI
586
587 [Az=B hASFE=08 1C= 8,975F=08 VBE= 0.000E+00 VBC==9,321E=0
588 VCEZ 9.321E=07 RETADC=~1.036FR+00  GM==1,903E=-10 RPI= 3,393E+0
589 ROz 2.976E+NA CPI= 8,200E-13 CMI)= S,850E=13 BETAAC==6.457E=0
590 FT=2=2,155E+01
B9
5§92 NAME: Q83 MODEL: RPO
593
89a __ [B= 5.098E=07  IC==58.321FE=-07  VBE= 0.000F+00 VBCS 1.565F+0
595 VCEz=],.S6SE+0] BETADC==1,044F+00 GM=-1,1A3E=0N9 RPIz= 9,6K1E+"
596 ROz S5.728F+0a CPI= S.201F«13 tMIyz 1 ,296E=13 BETAAC==],189€+0
897 T ETE=2.914E+03 -
598
S99 NAME: nAg MODEL: RNAC
600
601 IRze? ,AA0E=07 12 7.955E=n7 VRFz 0,000E+n0 V8C==1,033E+n
6802 VCEs 1.,0%3E¢00 BETANC==1,036E+00 GM==],647E=09 RPI= 4,238F+0
603 T ROE TIVIUIES0? T CPTE B, 2N0E=T12 T CMUS 2.734E=12 BETAACSE6,9R1F 0
604 FT2e2.934€+01
605

102
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goe NAME: Qas MODEL: RNO

607

608 IR==7.416F=03 IC= 7.6A3F=03a VBE= 0,000€+00 vaCze=1,595E+0¢
609 VCE= 1,905E+N0 RFTADC==1,03hF+00 GM==1,639F=10 RPI= 6.T86F+0OF
810 ROSS,RS2F+0d  CPI= 4,500F=13 tMUS 3.600F=13 HETAACE~1,112E=0]
611 FTz=3,221E+01

Ol

103




1 0INS PHOTOPIEAMPLT TFIES OPERATING POINTS (TEMPERATYURE =55 NERRFES 1)
>
3
4 eacnva vﬁl’AuE <U9°' ClIRRE NTS cceca
NAME cuReMT .\'ws ClURRNT
VPOS  =2,252€-03 VNE 3,657E=0F  TOTAL BCWEI = 104 Ma (TNF TaanEl

-ee-= 7FNEI DICCE =====

NAME: 071 MGOEL: NZ=R
4
1 [0==2.2%4F-041 VD==5.3R32+70 FE5= L.LZ 212 TiSz i Ter s
1
! cecma AJT!'S eee==
17
13  NAME:D 31t MODEL: RPO
19
30 [9=<8,220€=07 IC=z«5,350]2~N% UBE==1,100F+35 T y3C=z {,04%E.n"
21 VCEz=1,1S58+01 SFTANC= B,018E+01 G“= 2.5323£-a3 RPT= 3.3215.0.
22 R0z 1,01GE+n4 CPT= |.679E=12 CMiI= 2,181F=13 SETS4ACS 5,430E+0"
i 23 FTz 2,1%62-93
24
! 25  NaME 92 MODEL: ]P0
26
: 27 I18=2=-2_,2115=07 I1Cz=6.590E=05 VBE=z=1,100E+02 Varz 1,9%S67«N
: CF--x.teeronx 3ETAQC= &,024F 01 GMT 2.523F-=01% 991z 3.3I2S5 e
297 RO= {.020:2+05 £P1z l.n7a3c=lc Cmiiz 2, 778='3 BFTAAC= 8,433%+4
30 £z 2.131:¢05
31
32 MANME ¢ 33 MCDEL RNO
33
34 18z 3 ,579F-07 If= 4,7445-85 VBFZ 1.0R2E+0) JRCze], 146540
15 VEET 1 .274F-31 3€TA3C=s 1.3°5F+02 G'= 1.,323F-43 391z 3, 22150
26 0= 1.741%+0% CPIz 1.0K6E=12 Cwiz 2,39SE=13 SFTAACET §,3375«3
27 FTz 2,147€+«08
I3
39  NAME: 34 WOOEL: 2Nt
49
6y 3z 5.317¢ny TCs 5.335F=05 YSF=S 1.0757-+09 JSrz=1,1%2%Cex
a2 VCE= 2,226E+019 B3ETA0C= | ,1225+02 GM=T 2,8275-03 SPTz 3,118C.4
a3 0= 1,1005 <03 CPIz t,3A1%e12 CWls 5,431T=12 AFTAADS 1 ,2%47 40
[Ty} FTs 1.,392+04
4s
40 NAME ¢ S MONEL NI
ar ———
48 132 S,RAa0F=n7 IT= 5,535dFf =08 VEF= 1.,075E00 v8C=z=1,522€."
4q YCF= 2,15AF+00 3&8Ta0C0= {,122F02 GMS 2.324E=0%3 RPT= §,1'3F«"
50 0= 1,096E.00 CPIz [.,3A(3-12 CMIIE 3,307F=13 38878402 {20225+~
3 FTs 1.,533%+04
33 TNAMETT aeT T T TMONEDT RN - T
Sa
53 TRz 2,48aFan7 Iz 2,335 <08 Y3FT 1,0dSF 01 JALSe? SR Car




RS A SIS o .

56 VCF=z {.R08E+N"Q BETADM= 9,u”|Feny G“= 8, 994F =04 RPT= 1.299E€+(

8F  ROZ 3.NA0F304 CPYZ 1.622F<=12  CMIIE 6.787E=13 BETAACS 1.169E«(

S8 FT= 6,221F+07

59

60 NAMET 07 MODEL: RN1

ht

62 18z 2.459E=07 IC= 2,331F=0S VBF= 1.,049F+00 VRC==7,581F«(

63 VCE=T {,.8N03F+00 BETAOCS 9.4B81F+01 GMS 8.994F =04 RPTZT 1.299E+(

Y RO= 3,0A0E+06 CPI= 1,622E~12 CMUYs 6,787F«13 BETAACS 1.,169€«(

65 FTz 6.,221E+07

86

67 NAME: 08 MODEL: RPAO

68

Fq ‘rﬂ--lo AL - . g

70 VCE==1, 462F¢01 BETADC= &, 6025+01 GM S. 129F =03 RPI= 1.734E+C

71 ROz S.248F+0S CPI= 2.440E-12 CMiiz 2,016E=13 BETAACS 8,89S5E+C

T2 FT= 3.090E+08

73

T4 NAME: Q9 MOOEL: AP}

75

76 ‘18==3,828E=06 1C==2,724E<=04 VBE==1,123E+00 VBC= 1,079E+0

17 VCE==2,202F+00 BETADC= 7.116E+01 GM= 1,045E=-02 RPI= 7,002E+0

T8 RO= 2.(12F+05  CPI= S.4B89E~-1¢ CMUs 6, - AC= 7. E+0

79 FTs 2.,727E+08

80

BY NAFET GUI0 —MUDEL: RPI

82

83 {Bz=7,733E=-07 IC=-6,080E=05 VBE==1,079E+00 VBC= 1.243E+0

k-1 VCE==1.351E+0] BETAOLS 7.B8G1F+01 GYS 2.345E=03  RPI= 3.618€+0

8s RO= 1,.,137E+06 CPI= 2.307E-12 CMU=s 2.961E=13 BETAAC= 8,.,473E+0

86 FT= 1.433E+08

BY

88 NAME: Q11 MODEL: RANO

89

J0 — IB= 1.6B3E-115 IC= 2.732E~-04 VEBE= [.106E+00 VBC==1.,806F+0

91 VCE=s 1.,919E+01 BETADCS 1,.,643F+02 GM= 1,04S5E=02 RPI= 1.658E+0

92 ROz 3,246E+05 CPIz= 2,113F=12 CMliz= 2,.655E=13 BETAALS 1,733E+0
= &, E+03

94

9% NAME: 012 MONEL: RNO

96

97 I8= 3,4R6E=-07 IC= a,6N00E=-05 VBE= 1.081E+00 VBC==1,159E+0

98 VCE= 1.,267FK+01 RETADC= 1,320F+02 GM= {,773E~-03 RPI= 8,47SE+0

L] RO=Z 1.79aE+04 TPIZ 1,038E=12  CMU= 2,899E=13 BETAACS 1,.,308E+0

100 FT= 2,093E+08

101

1027 NAMES nT3 —MODELT RNT

103

104 IRz a,217F=07 IC2 4,470E-0S VBE= 1.0h6E+NQ VBC==8,294F<0

105 T VEF= 1,894E+0F SETADC=" [, 06h0F+02 GMZ 1,.7PdE-03 HPTE 1.2G7E+0

104 RO= 1 .,68N7E+Ns CPI= {,757F=12 CMUIS 6,724F =13 BETAACE 1,249E+0

137 _ FTz 1.129€+08

104

179 MaAME: Q14
110

MODEL: ANt

105

B e




——

e —— o

S+ .

111 [Rs 2.124E=0h ICz 2.704F =04 VBF= 1.,114E+00 VBC==1.0A9E+
i12 VCE= 2.{A3E+N) RETANCS 1 ,292F+A3  ~GM="1.0853F=02 — RPI= 1,317F+«
113 RO= 2.616F+05 CPI= 3,1N2E=12 CMU= 6,590E=-13 BETAAC= | ,3A7E~
114 FT= 4,457F«048

{1~~~ —_ T 7T

116 NAME: Q1S MODEL: RPY

117

118 18==2,745F=0% 1CZ=2,358F =00 VBFE=[,I[33F+00  VBCE |.240E+
119 VCE=~1,353F+01 ARFTADC= 8,5R9E+0] GM= 9,030E=03 RPI= 9,707E+!
120 RO= 2.918E+05 CPI= 3,698E~12 CMIJs 2,0772=13 BETAACS 8.7hASE+
121 FYz 3,880F+08

122

123 NAME: 0te MODEL: RNILC

fea

1258 IBs 1.829€=06 1C= 2,302E-04 VBE= 1.110E+00 vec=s 0,000E+¢
126 VCE=z 1.110E+00 BETADC= 1.259€+02 GM= 8,841E=03 RPI=z 1,539E+/

T2 RUT 3.07/5F+n5 CPI= 2.8haf=12 CMII= B.156E=13 BETAAC=E 1.361E+
128 FT= 3,824E+08

129

30 NAMET G117 MODELC: RPILC

131

132 IB==3,2a5F=0¢ ICz=2,287E~04 VBE==1,119€E+00 VBC= 0,000E+¢
I35 VCE=<1,119E+00 BETADC= 6.963F+01 GM= B,7ASE=-N3  RPI= 8.1R2E+(
134 RO= 2.474E+0S CPI= 4,918E-12 CM)= 9,015E=13 BETAACSE 7.188E+(
135 FTs 2,402€+08

138

137 NAME: Q18 MODEL: RN1

138

139 18= a.5heE=N7 ICS 5.695F=05 VBES 1.0AR3E+NQ VBC==1.203E+
140 VCE= 1.3S50E+01 BETADC= 1,2ud8F+02 GM= 2,196E-03 RPIZ= 6.661E+¢
14y RO= 1,865E+08 CPI= 1,783E=12 CMU= 4,23aE=13 BETAACS 1,863E+¢
132 FT= 1.5843E+08

143

143 NAME: 019 MODEL: RNt

1as

146 I8= 1| .68aF=06 IC= 2,384E=04 VBEs 1,107E+00 VBC==1,15SE+!
147 VCEz 1,266E+01 BETADC= 1,450E+n2 GM2 9,163E=03 RPI= 1.720E+:
148~  ROS 3.a53F+0% CPI= 2.716E~-12 CMUZ 4,302€<-13 BETAAC= 1,S576E+¢
189 FT= 4,63SE+08

150

{51 NAMET Qg0 MODEL: RANILC

152

153 182 1 .8&7E=0s ICz 2.3R1E=04 VBE= 1,110F+00 VBC= 0,000F 4+«
1sa VCES 1.110E+00 BETADCS l.2k2F+02 GM= 9,145E<03 RP{= 1.490E+
1S5 RO= 2,972€+08 CPI= 2.911F=12 CMU= B8,162€E-13 BETAACS 1.362E+(
156 FT= 3,905E+08

157 - =
158 NAME: Q21 MODEL: RNa

159

160  I8= 3.79AF=06% = 1IC= S.3%6t-04 VBES 1.091E+00 VAC=S=1.3A7TE+
161 VCF= 1,496E+01 BETANC= 1,d410F+N2 GM= 2.0A3E=02 RPT= 7.m483F«¢
162 RO= 1,S5A2F+0S CP1= B,515F=12 €Mz 1,191E=12 BETAACS |.S77F«/
163 FTE 3.3A3IE+08 T T R
1648

165 NAME: QP2 MQODEL: RP4a

y




166
187 IR==%.3AdF<0h TC=<5.3q7F=00 VBEZ=1,099F+00 VBCE 1.3R6E+
168 VCEz=~1,896E+01 RETADC= 8,403F+0} GMz 2,060E=-02 RPT=z 4,293E+
169 ROz {,318E+0S CPI= 1,.,243€~11 CMUz 8,3°74E=13 BETAAC= 8,843E+
170 FT= 2.472E+08
171
172 NAME: Q23 MODEL: RNILC
173
17a 182 S,918E=-07 IC= 6,555€-0S VBE= 1,077E+00 VRCz 0.000F+
175 VCE= 1,077€+00 BETANC= 1,108F+N2 GM= 2.S27E-03 RPI=z S.044FE«
176 ROS |,0R2E+N6 CPI= 1.BR1E=12 CMIi= 8.083E~13 BETAALS [.27SE+
177 FT= 1,494€+08
178
179 NAME: Q24 MOOEL: RNILC
180
181 I8 S,916E=07 IC= 6,554F=0% VBE= 1,077E+00 VBC= 0.000F+
182 VCEs 1.077E+00 BETADCS 1.10BE+0C GM= 2,526E=03% RPIz S,086E+!
183 RO= | ,083E+06 CPI= 1.8A7F=12 Crau= 8,043E=13 BETAACS | .274E+¢
184 FT= 1.494E+08
13§ A
186 NAME: 025 MODEL: RNILC
187
188 ~ IB= a4,924F~A7  IC= 5.298E=05 VBE= 1.071F+00 VBC= 0,000 +(
189 VCE= 1,07T1E+00 BETADC=S 1.076E+02 GM= 2,043E=03 RPI= 6.138E+¢
190 ROz 1.339E+06 CPI= 1,811E=12 CMis 8,03dE<13 BETAACS 1.2S54E«¢
191 FT= 1.204E+08
192
193 NAME: (26 MODEL: RPILC
137
195 I1R==8,127F«07 1C=2=5,263F=05 VBE==1,0A0E+00 VBC= 0.,000E+(
196 VCE=~1 ,080E+00 BETADCS A, 47RE+OL GM= 2,029E-03 RPIz 3,433E«(
rw——wn—rwmr—cwr—nwrrr——cm:e—n—mmmh
198 FT= 1,004€+08
199
200 NEVMET W27 “MQUOECY RNILT
201
202 IB- te atoe-na tc- 2. a7eF-oa vae- t. 109F¢no VBCz= 0,000€«(
204 RO= 3 1105*05 CPI- 2. aaee 12 CMn- 3. 15ae-13 BETAAC=E 1.360E+(
205 FT= 3,798E+N8
0%
207 NAME: Q28 MODEL: RNILC
208
209 I8 [ AI0FR=04 IS 2.276F=04  VBF= 1,109F+00  VBC= -t
210 VCE= 1.109€E+00 BETADC= 1,258F+02 GM= 8,744E=0% RPI= 1, 556F¢<
211 RO= 3.110E+0% CPI= 2.849E~12 CMU= 8,154E=13 BETAACE 1,360E«( .
i 212 T FT="3,798E+08" ' —_———""=
{ 213
E 218 NAME: 029 MODEL: RNILC
- 215 =
{ 216 I8z 1.810E=06 1€z 2.276E=04 VBF= 1{,109€+00 YBC= 0,000F+¢
! 217 VCE= 1.,109€+00 BFTANC: | ., 298E+02 GVYS B, 7408EN3 RPI= | ,SS6C¢
? 218 ROETII10F+0S  — CRIST20RA9F 12 —  CMI= 8, TSUF<1TS RFTALCT 1.3hA0ET
. 219 FT=s 3,798F+08

g 220




B

221 NAME: Qag MODEL: RANO

222

223 IRz~ ,14SE=15 IC= {1.145F=16 VBE= 0,000F+00 VBC==1,047FE+0
224 VCF= 1,047F+n) BFTADC==1,000E+00 GM==7 ,uR1E=22 RPI= 7,138E«]
225 T T RO03T5.930F+20°  CPIZ d4.S0N0E-13 " CMUZ 2.956E-13 BETAAC==5,340E~0
226 FT==1,597€E=10

227 o B

228 T NAMEI ™ Q3% MODEL?T RNO

229

230 IB= 4,24SFE-n7 ICs 5,.98S5E=05 VBE= 1,0R7E+n0Q VBC==1,497E+0
231 7T VCE=S 1LbNeFE+01 RETADCE 1.410€E+02 GMET2,306E=03 ~ RPI= p.BT9E+D
232 RO= 1,43SE+0¢ CPI= 1,118F=12 CMU= 2,754E=13 BETAAC= {,586E+N
233 FT= 2,634E+0A

234 :

235 NAME: @32 MODEL: R’NO

236

237 I8 4.2d6E=07 IC= 5.98SE=09 VHF= [,087E+00 VRC==1.497E+0
238 VCE= 1.606E+01 BFTADC= 1.410E+02 GM= 2,.306E=03 RPI= 6.,87%E+0
239 ROz 1,835E+06 CPI= 1.118E=12 CMUz 2,7S4E=-13 BETAACE 1,5R6E+0
240 FT= 2.634E+(8

241 .

282 NAME: 033 MODEL: RNO

243

24a IB= a,2a3E=07 IC= 6.110E=0S VBE= 1,089F+00 VB8C==1,240E+0
245 VCE= {,389€+01 BETADC= }.37S5€+02 GM= 2,354E-03 RPI= 6.557E«0
246 RO= 1.363E+0¢6 CPI= 1,133E=-12 CMUUs 2,860F=13 BETAAC= | .S43E+0
2a7 FT= 2.639E+03

2448

239 NAME: R34 MODEL: RNO

250

251 IB= 4,443E=07 IC= 6.110E=05 VBE= 1,089F+00 VBC==1,240E+0
252 VCE= 1.349€+01 BETADC=E 1,375E+0¢8 GM= 2,394E=03 RPT= 6.557E+0
253 RO= 1.363F+0p CPI= 1.133E~12 CMil= 2,840E=13 BETAAC= {.S43E+0
25a FT= 2.639E+03

25S

256 NAME: Q35S MODEL: RPO

257 o

258 I8 1. 1{SF=17 IC==1,11S5E=17 VBEZ= 0.000E+00 ~ VAL= 1.,4S7E+N
259 VCEz==1,457E+00 BETANC=~1,000E+00 GM==7,669€=23 RPI= 1.020E+}
260 RO= 1,208E+21 CPI= 5,200E~13 CMijs 3,883F=13 RETAAC==7.,821E=(
261 FPT==1,.350€=11 T

262

263 NAME: N3s MODEL: RP1

264

265 IRz 2.230E=17 IC==2,230F«17 VBE=z 0,000E+00 VBC= |.457€+¢
266 VCEz=1,457€+00 BETAPC==1,000F+n0 GM=e] ,S3UE=22 RPIs §.099E+]
267 ROE4,039€+20 CPI= 9.,S5N0E~i3 CMIZ 5,509€«1{3 BETAAC=<7,.,821E=¢
2638 FTzel .626E=11

269

270 T NAMET  A3%7 MOOELT RPO

271

272 182 1,11SE=17 1C==1,115F=17 VHF=z 0.000F+n0 VRC= 1.,4S7Fer
273 T TVCFE=2=] ,uS57F+A0 RFTADC=~1,000FeN0 " GM==7,6h9E=23 T RPIZ {.0P0E€«]
274 RG= | ,204E+21 CPI= S,P00E=13 tMmiys 3 843F=13 RETAACS=7.,82]Fer
27S FTse1,3%0E=1]

108
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276
RYIT TNAMEYT T TR MADECT wNT
278
279 IBz=3,167E=17 ICs 3,167F=17 VBF=z 0,000F+00 VRAC==1 ,44AF+0
2810 VCE={ . 448E+00 BETADC==1.000F+00 GMZ=2 [ 0A9E=22 RPIZ 3,569F+1
231 ROz 4,2ARE+?0 CPI= 8.200E=~13 CMllz 6,227E=13 BETAAC==7,3R4F =0
282 FTz=2,282E=11
283~ ° ' o
284 NAME: 039 MODEL: ANt
285
286 1B==4,{RTE=TT L= 3.167E=17 VBES 0.000E+A0  VAC=={,dd8E+T
287 VCE= 1.,438E+00 RETADC==1,0N0E+00 GMz=2,069E=22 RPTI= 3,S49E+]
2838 RO= 4.,2A8E+20 CPI=z B,200E-13 CMUz 6,2”27E=13 BETAAC==7,3R84E=0
289 FT==2,.282E=11
2990
291 NAME: Q49 MODEL: PNI
292
293 IRs«3,147E={7 IC= 3,167F=17 VBE= 0,000E+00 VBC==],4488E+0
294 VCEz 1,.,448BE+00 BETANC==1,000E+N0 GM==2 ,0h9E=22 RPI= 3,569E+1
295 RO="a.263E+20  CPI= B.200E-13 CMUS 6,207/E=13 BETAAC==7,3A4E=0
296 ‘FTz=2,282E=11
297
298 NAMES Q41 MODEL: RNI
299
300 IB==3,1A7E~17 IC= 3,167FE=17 VBE= 0, ooosﬁno VBC'-l 448E+0

.4 69E«1
302 RO= 4,268E+20 CPIs 8.,200E=13 Cmy= 6, 2275 13 BETAAC--7 384FE=0
303 FTz=2,282E=~11
304
30S NAME: R4 MONEL: RPO
306

= 0, «4d9%
308 VCE--x 49SE+Nt aETAoc--1 0005¢no GMz=~7 ,869E~22 RPIz 1,020F ]}
309 RO= 8,453E+20 CPI= 5.,200€-13 CMU= |,946E~13 BETAAC=Z=8,025E~0
310 FI1=<].753E=10
311
312 NAME: fa3 MODEL: RN&
IT3
314 I1B==] ,949E=14 Itz 1,950F=16 VBE= 0,000FE+00 VBC==2,.228E+0
31S VCE=z 2.228E+00 BETADC=<1,000F+00 GM==1 ,274E=2 RPIz 8,923FE+)
316 RU= 1.0496E+20  CPI= 3.200E=1¢ CMJ= 1.8 7aE~12 BFTXAC=-1,[36E=0
317 FT=2=a,159€=11
318
IT9  NEMEY w44 MODEL: RNU
320
321 IBz=3 ,673E=17 ICs 3.b73F=17 V8E=s 0,000E+n0 VRAC==3,.35S9F+0
322 VCFE="303IS9€E+00 TETADCESITO0ES00  GM3=2 U00E<22™ RPT= 771 33E1
323 ROz 8,137E+20 CPI= d4,500€E~13 CMU= 3,665E~13 BETAAC==1,713E=0
324 FT=eq,677€=11
32S Tt T
326 NAME?: Qas MODEL: RNO
327
328 I8FeY1TSAIES!7 TS 1.5R4F=17 VBET 0,000F+0  VHCS=1.44AF+§
329 VCE= |,48AF+00 BETADC==1,0NN0F+0(Q GM3=1 ,0%dE=22 RPT= 7,138E+1
330 RQO= A,534F+20 CPI= d4,500F=13  CMUZ 4,203E=13 BETAACI=7,384E=0
109




331 FTz=1,892F-1]
332 T 7T ’ B T T
333 NAME: Q46 MODEL: 8NO
334
335 T 18=<175A3E-17 TCET{.SRUE<17 " VBEZ 0.000F+00 " VACS=1,448E+
336 VCE= 1.4a8E+Nn0 BETADC==1,000E+00Q GM=e1 ,034E=22 RPT= 7,.138E+!
337 RNz 8.536F+20 CPI= 4,500€E~13 CMY= 4,203E=13 BETAACZ=7,3R4E=(
338 T T Fl=ze}.,892E-1} - T
339
380 NAME: 047 MODEL: RPO
ey o _OuE!
342 IB==2,110E=06 1C==1.779€=04 VBF==1,12SE+n0 VBC= 1.1S3E+C
3a3 VCEze] ,266E+01 BETANC= 8,.334E+01 GM= 6,827E=03 RPI= 1.268E+C
383 ROZ 3.822€+05  CPTS $.097E=12 CMIIZ 2.123E=13 BETAACES 8,659F«C
335 FT= 3.354€+08
346
337 NaAMg: Qaa WOUEL: RPO
3a8
3a9 IR==2,110F=06 1C==1,7805=04 VBE==1,175E+00 VRC= 1,1S2E+0
TST  VCE==1,263E+01 BETAOCS B8.433E+01 GM= 5,828E=03 RPI= 1.,268E+0
351 ROz 3,820E+95 CPI= 3,028E~12 CMIiZ 2,123E-13 BETAAC= 8,6S57E+0
352 FT= 3.3S54E+08
153
3584 NAME: Qa9 MODEL: RNO
355

6 £ L I10E=05  VBE= 1,0R3F+0) VBC==1.152E+0
357 VCE= 1. asos¢01 SETADC- 1 L329E+02 GM= | ,892E~03 RPI= 7.968E+0
358 RO= 1,679E+06 CPl= 1.075E«12 CMUZ 2,902€=13 BETAACS 1.508E+0
359 FYs 2.,206E+08
360
361 NAMES (S0 MODEL: RN{
352
363 1Bs 1,321E-04 1€z 1,776E-04 VBE= 1,102E+00 VRC==1,071F+0
364 VCE= 2.173E+00 RETADC= 1.249E+02 GM= 6.8329E=03 RPIz 2,002E40
365 WOS 4,087E¥6S  CPlI= 2.539E~12 CMII= 6,554dE=13 BETAAC=S | ,367E+0
366 FT= 3.,403E+08
367
368~ NAMET 091 MODEL: RN1
369
370 I8z 1.421F=0p €= 1.776F=04 VBE= 1,102E+00 vBC=={ ,0R3E+0
371 VCES 2*1€‘E26U‘EET"EE?‘T 250t+02 GY= 6,829E-07% RPIS 2,002F+0
372 RO= 4.047E+0S CPI= 2,539E~12 CMU= 6.544E«13 BETAACS 1,367E+0
373 FT= 3,40aE+08
73
375 NAME: Q52 MODEL: RN\
376
377 IR= 2.456FE<07 1C= 2.331E~05  VAE= 1|,049E+00 VBC=<-B,U44E=0
378 VCE= 1,894E+00 SETADC= 9,890FE+01} GM= 8,993F=04 RPI= 1.301E+0 ]
379 RO= 3,0a4E+06 CPI= 1.622€~12 CMI2 6,701E=13 BETAACS 1 ,170€¢0
330 FTS b.28aF+07 -
381
382 NAME: 0nS3 MODEL: RNt
383 T T ; - T
384 IRs 2,456E~07 1€z 2,33%1F-nS§ VBFz2 | ,049F«00 VBC==8,4d4E=0
385 VCE= 1.894E+00 RETANC= 9,490E+01 GY=s 8,993E=04 RPI= 1.301E+0

110

ST e g e
e aal® . . R Y




—

386 RO= 3,0AdF+06 CPIz !,6R2PE=12 CMIS 6,701E=13 BETAAC= 1.,170E«(
387 TFTE 6.,244F+07 T
348
389 NAME: 0QS4 MODEL: RPO
390
391 18==4,193F =06 IC==3,60N{F=04 VBE==1,144E+00 VBC= 1| .204E+(
392 VCE==1,318F+N] BRETADC= B,5A9FE+01 GM= | ,373E=02 RP1= 6,320E+(
393 ROE 1,897€+05 CPT= S.832€=12 CMUS 2, 102E=13 BETAACT 8,677E(
394 FT= 4,016E+04
395
396 NAMET @55 MOOEL: RP1
397
393 [B==d,316E=06 [C==-3.15aE-04 VBF=e=],127E+00 VBC= 1,088E+(
%93 VEE==2.215E+00 BETADNCE 7.142E+01 GMZ 1 ,209E=02 RPI= 6.,054E+(
a00 RO= 1,.823E+0S CPI= 6.1N8E=12 CM)= 6,160E~13 BETAACS 7,322E+(
401 FT= 2.863F+04
a0¢e
a03 NAME: @Sé MODEL: RP1
a0a
3 q0s TH==1,059E=706 IC==8,.4d90FE-05  VBF=~1,08B8E+N0  VBC= 1.226E+(
k 306 VCE==1.334E+01 RETADC= 8.020£+0] GM= 3,273E-03 RPI= 2.612E+(C
3 a07 ROS 8.120F+0S CPI= 2.,600E=12 tMUz 2,976E=13 BETAAC=: 8,547E+(
; = ° +08
| 409
410 NAME: 0S7 MODEL: RNO
a1
‘ 812 1Bz 1.916E=06 IC= 3,16SE=04 VBEz 1,130E+90Q VBC==],789E+¢
1 a13 VCE= 1,902E+01 BETADC= 1.652F+N2 GM= ] ,209€=02 RPTI= 1.d432E«¢
= 2. + CPI= 2.321E=12 MU= 2.,661E=13 BETAACS 1,732E+¢C
\ ais FT= 7.839E+08
} ai6
{ ITY  NINET 053 WODELT RNO
3 a14
a19 18= 3.526E=07 IC= 4,657E=05 VBE= 1,082E+00 VBC==1,153E+¢(
= 1, +01 BETADC:E [.321E+02 GM= | .795F=Nn3  RPY= B8.372E+
a2y RO= 1.770E+06 CPI= 1.062€E=12 CMU= 2,902€E-13 BETAAC= 1,503E«(
a22 FT= 2.113E+084
323
428 NAME: QS9 MODEL: RN1
42S
AZE& 1Bz a.c3BE=~07 IC= 4.a93E-03 VBE= 1,0R6E+NQ  VBCE==8,.333E=
427 VCE= 1,900E+00 BETANC= 1.061F+02 GM= 1,732E-03 RPIz 7,214F+
a2s RO= 1,598F+06 CPIl= 1,758E=12 CMI)= 5,720E=13 BETAACE | .250E«
LT3 FYZ 1.13%6+08
430
831 NAME: 360 MONEL: ANt
a32 -
a33 182 2,438F<06 IC= 3,179F=04 VBF=z |,118E+00 VBC==1,072€+.
a3a VCE= 2.,190E+00 RETANC= {,.304E+NC GM= 1 ,219E~02 RPIz 1,182€+:
43S T T RO= 2.257F+05 T T CPIS 3.3%uF-12 T CMUZ 6,60aF=13 BETAACE 1 ,.392€E«
a3a FT= 4,832F+08
a37
: 433 NAMET b1 MONELT RPA
ailg
a40 IAz2=3,349€=14 IC==2,A95E=N4 VAEz=1,13AE+00 VALE 1,223F«

- e PR !

ST N R . T




aay VCF2=1 ,337F+01 AFTANC= A, 59S5FE«0}
CPI= 4 357€=-12

442 ~ T TTTROs 2.363F«0S
aa3 FT= 3,38S7€+08
a4q

448§ TNAMET A2 T T
a46

aa? 18= 2,202E=0h

448 T VCE= 1,115€+00 BETANC="1,277E+02

MODELS RNILC

GM= 1 ,107F=02 RPT= 7,8RAE+N
CMii= 2,0R8E=-13 BETAACE 8,729E+0

1€z 2,A11E=04

VBES 1.,11S5F+00 VRC= 0,000E+0

GMZ T.079€=02"  RPI="1.,269F«0

aa9 RO= 2,517F+0S CPIz 3,164F=12 CMilz 8,193E«13% BETAACS 1,349E+0
aso FT= a,310€E+08

ast

as2 NAME: 163 MODEL: RPILC

as3 L
494 I8=<3,900E=06 1Cs=2,794F <04 VBFEz=1,.,124k+00 VBC= 0.000E+0
4ss VCE=<1.124E+N0 BETADC= 7.002E+0} GM= 1,072E=02 RPI= 6.713E+9
aSe ROz 2.,024F+0S CPI= S.659E=12 CMiy= 9,119€=13 BETAACS 7.19S5E+9
as7 FT= 2.59%6E+04

458

459 NAME! 064 MONEL: RN1

460

a6t I8z 5,039F-07 IC= 6,390F~05 VBE= 1,072E+00 VBC==1,237F+0
362 VCE= {,344E+0)] AFTADCE 1,26RE+0Q2 GM= 2,4A4E=03 RPIz S,989E+0
a63 RO= 1,304F+06 CPI= 1.,820€=12 CMU= 4,238F=13 BETAAC= 1,.,476E+0
a6a FT= 1,748E+08

365 _

366 NAME: (65 MODEL: RNT

a67

a68 18z 1,.,994F =06 ICz 2.9%4E=-04 VBE= 1.112F+00 VBC==1,149E+0
369 VCE= 1.0R0E+N] BETADC= 1.47/2E+02 GM= l.127E=0¢ RPI= 1.407E+0
a70 RO= 2,800E+0S CPI= 2,997E~t2 CMU= 4,.30GE=13 BETAACT 1,S86E+0
a71 FT= 5.234F+048

872

873 NAME: 0aé MODNEL: RNILC

ava .
a75 18 2.291E=6 ICs 2.933F~04 VBE= 1.116E+00 VBC= 0,000E+9
376 VCEs 1,116F+00 BETANCS 1,280F+02 GM= 1,125E=02 RPTz 1,218E+0
a77 ROz 2,412E+0S CPI= 3,236FE~12 CMU= 8.202€-13 BETAAC=E 1,371E+0
8478 T T TET=4,a14Ee08 T

a79

380 NAME: Aas7 MODEL: RANAC

381~

aa2 [B= 6,197E=0¢ IC= A,S519E=04 VBE= 1,.0ASE+00 VRC==1,385E+0
a83 VCE= 1,493F+N1 RETADC= 1,37S5F+02 GM=s 3,283E-02  RPI= 4,738E+0
484  RO= 9,9dsFend” — CPIT 1,557E~11 CMIIZ 1,969F=12 BETAACS 1.S55SE+0
a8s FT= 2,980E+08

ade

4877 TNAMET nkh8~ MOPEL: RPAC -
388

aa9 [82=1,023€=05 IC2=A,479F =04  VBEz={,093E+00 VBC= 1,3R4E+N
890 T T T VCE=z=1.493F+0] HETAGC=T3,300EeN}’ GM="3,268E=02"  RPI= 2,691F«0
491 RO= 3.315E+04 CPI= 2,209F =11 CMuU= {,332E=12 BFTAAC= 8,793E+0
a92 FT= 2.220F905 e

a93 "~ T — ‘ T T

484 NAME: Q69
49S

MNOEL

RNILC




49¢ IRz t.440F=0p IC= 1,774F=N4 VBE= 1,103E+00 VBL= 0,000F+0
BT VCES i U03F N0 RETANCS 1. 233F+02 GME 6 _.828F«03 RPIZ T.974E+0
498 ROz 3,9A8E+0S CPI= 2,554E=12 CMiz 8,119F=13 BETAAC=: 1,348E+0
499 FTz 3,229E+0A
500
501 NAME: Q79 MODEL: RANILC
s02
503 18="1.,4d30€6=-06 I€="1.77TaE=04 ~VBES [.I03E+00  VACE J.000E+0
S04 VCE=s {,103E+00 BFTADC= 1.,233F+02 GM= 6,828E=03 RPI= {.974E+0
S90S ROz 3,.,983E+0S CPI=z 2,554E=12 CMU= 8,119€=13 BETAACS | .348E+0
She FY=s 3,229F+03
507
508 NAME: 171 MODEL: RNILC
509
S10 18= S5.S20€-07 I1C= 6,0S50E=0S VBE= |,07SE+00 VBC= 0.000E+0
Sit VCE=s 1,07SF+00 BETADC= 1,096E+02 GM= 2,332FE=n3 RPI= §,433F+0
512 RO= 1.173E+06 CPT="1,857t=12 CMll= B8,039E=13 BETAACS 1.2R7E+C
S13 FTs 1,395€E+08
Sia
515 WAMET a7 MODEL: RPILT
S16
517 18=~1,102E=06 IC==7 ,288E=N§ VBE==1,0R89F+00 VBC= 0.000E+0
ST8  VCESSI.0R9E+00 BETAULS b.HIGE+0] GMZ 2. BUBE=N3  RPI= 2.506E+U
519 RO= 7.782E+0S CPl= 2,.644E~12 CMIIS 8,724E=13 BETAACS 7.038E+0
520 FT= 1.271E+08
521
S22 NAME: 173 MODEL: RNO
523
52T JB8==1.138E=15 ICS 1.138E=158 V3EE U.000E+N0 VBC==1.0d1E+T
S2s VCE= _1,081F+01 BETADNC==1,000F+00 GM==7,434E=22 RPI= 7.138E+1
526 ROz 6.,940€E+20 CPI= 4,500E-13 CMtIs 2,960F-13 BETAAC==5,307E=0
ST FY==T,586E=T0 :
s28 i
529 NAME: Q74 MONEL: RNI !
530 ;
S31 18==3.290E~16 IC= 3.270E-16 VBE=z=7,107€=04 VBC==1,d9SE+¢ ;
532 VCE= 1.,49S5F+0| RETADC==9,941F=01 GM==2,136F=21 RPT= 3,569E+1
833 RUO=T 3.1R9E+20  CPIZ 8,198E=13 CMUOZ T, 078E<13 BETEACE=T,625E=C i
s34 FTz«2,770E=10 {
53s i
§36 NAMEY Q7S —NMUUELT  RP1 !
537
538 IRz 2.27SF=16 IC==2,289F =16 VBE=z2=7,107E=-04 VBC= 1,49SE«(
539 VCESST . a9SE+#N T BETADCSST,0URE+ND T GMs= [ S19E=2  RPI="5,039€+] ;
540 RO= 4,22KF+20 CPI= 9,502E~13 CMU= 2,.790E=13 BETAACS=7 ,639F=( :
Sat FTz=1.9A7F=10
sa2 - - < = - o = - e -
S43 NAME: Q7sh MONEL: RPO
] S44
585 T TTTIR=T1,232F<17 TTTTUICESTL 2336177 VBEZ 0.000E+00 " VBC: T.610E e
Sa6 VCE=«1,A10E+N0 RETANC==1,000F+00 GM==8,475€=23 RPTI= 1.020E«"
sa7 RO= 1,207E+0} CPIz S,200F=13 CMUZ 3,709F=13 BETAACZ=8,643Fa¢ 4
S48 FTZ={,.507F=11 :
549

S50 MAME: Q77 MONEL: PP|




TR~

e p—— S ——— . _

31

§%e° “18= 2, u4ASE-? TICESR7aASE=TT  VBE=TO0,000F+00  VBCZ 1,.610Ee0
553 VCE==],410F+N0 RETANC==]1,000F+00 GM2=l ,695F =22 RPIz S.099E«1
§54 RO= »,010E+20 CPI= 9,S00E=13 CMl)s S,374F =13 BETAACS=8,643E=0
§55 T FT=ze1,814€<11" T T
SS6

S57 NAME: Q7A MODEL: RPO

-1-1.

559 IB= 1.232€=17 I1C==1,233F=17 VBEs 0,000E+00 VBC= 1,610E+0
560 VCE=z=1.410E+00 BETADC==1,000E+00 GM==3,47SE=23 RPT= 1,020E+!
561" TRO=T1,202F+21 TCPIZ S, 200E=13 "  CMUS 3.749€~13 BETAAC==8,643E=0
S62 FTze1,S507E=%}

563

S84 NAMET Qa79 MODEL: RN1

565

566 IBz=3,201F=17 IC= 3.291E-17 VBE= 0,0N00E+00 VBC==1 ,SNSE+N
587 VCE= 1,.505E+00 BETANDC==1,000E+N0 GH==2,190F=22 RPT= 3,S69E+1
S68 RO= 4,.262€+20 CPI= 8,200E~13 CMUZ 65,191E«13 BETAACS =7 ,6T70F=0
Sb9 FTse2,378E=11

876

S71 NAME: Qa0 MODEL: RN1

572

§73  IB==3,291E=17 IT= 3.291E=17 VBE= 0,000R+00 VRC==1,505E+0
574 VCEz 1,50SE+00 BETADC==1,000E+00 GMs=2,150€=22 RPI= 3.S69Es!
57S ROz 4,262E+20 CPI= 8,200€E=13 CMIJ= 6,191E=13 BETAACS=7.674E~0
5§76  Fr1E=g, 378€e{{

577

S78 NAME: Q81 MODEL: RNt

579

580 18=e3,291E=17 IC= 3,291E=17 VBE= 0,000E+00 VBC==1,505E+0
581 VCE= 1,S50SE+00 BETANC==1,000E+00 . GM==2,150E-22 RPT= 3,S569E+1
582 ROZ"4,262€+20  CPIT 8.200E=13~  CMUZ 6,191F=13 BETAACZ=7.674E=0
583 FT==2,378E=11

S84

S85 TNAME:T Q82 MODEL: eNT

s86

S87  IB==3,201F-17 ICz 3,291E=17 VBE= 0,000E+00 VBC==1.505E+0
5848 VCE= {1 .S0SE+N0 BETADCs={,000FE+00  GM==2,150E-22 ~ RPI= 3,569E+1
S89 RO= 4a,262E+20 CPIz 8,200E=13 CMUS 6,191E=13 BETAACS=7,674E=0
590 FT==2,378E=~11

591 ottt ————-
592 NAME:™ (A3 MODEL: PRPO

593 _

594 18 1.28dE=~16 [C=-1,288E~-16 VBE= 0.000F+N0 VACS 1.626E+1
595 VCE==] ,626E+N1 BETADC=<1,00GE+00 GM==8,557F=22 API= 1.020E+1
596 RO= 8,214E+20 CPI= S,200E=13 CMiJz 1 .895E=13 BETAAC==8,726E=C
597 FTE=1.920€E=10 =
598

59¢ NAME: @84 MODEL: RNAC

600 — """ 4

601 J8==3,917€E=1p IC= 3.918E-16 VBF=2 0,000E+00 VaC==2,239E+¢
602 VCE= 2.239F+00 RETANC==1,00QF+N0 GM==2,559€=21 RPTs a,4h2E+t
603 ROz $,229€+19 ~ ~ CPI= 6,200E=12 TEMI= 2.764E=12 BETAAC==] 1 42E=C
60a FTzea,544F =11

605

114
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+ e e

606 NAME: NAS MONEL: RNO

B07

608 1823,780F=17 IC= 3,7a0F=17 VBF= 0,000E+00 YBC==3,420E+0
609 VCE= 3,420E+N00 BETADC==1,000E+nQ GM==2,443E=22 RPI= 7.138E+1
810" ROZTA,12SE+20°  CPIS 8,.500E<13 MU= 3,653E<13 BETAACS=1,734€E=0
6t FT==a ,769F=11




1 POST-RADIATION NINS PHQTOPREAMPLIFIER QPERATING POINTS
e
3" (TEMPERATURE “25 DEGREFS ©) o T Tt ‘
a !
s <e=s=  VOLTAGE SUPPLY CURRENTS ====e §
b i
' 7 NAME CURRNT NAME CHRRNT
A VPOS =3,141E=03 VNEG 3.567E=0% TOTAL POWER = 101 MW (NNE CHANMEL
9
10
11-_- ooeoae ZENFR DIOOE eomea
12
13 NAME: D21 MODEL: DZR
ta
1s [0==2.5A9E~-04 VD==6.202E+00 REG= 1.000E+NQ CAPz |,605E«1
16
17 cowves HJT'S ceceoe
18
‘ 19 NAME: Q1 MONEL: RPO
20 ,
21 . IAz<p, 007k =np IC==6,.015€-05 VBE==6,625F=01 VAC= 1,213E+C
22 VCE==1,279€+01 BETADC= 9,865E+00 GM= 2,334E=03 RPIz 5.,030E+0Q
23 RO= 1.1h4E+06 CPI= 1.,47aE=12 cMti= | ,BS1E=-13 BFTAACS },174E+N
24 FT= 2.239FE+043
2s
26 NAME: 2 MODEL: RPOQ
27
28 IR==6,079E=0p IC==4,002E=0S VBFz=6,625E=01 VBCs 1.,223E+0
29 VCE=~-1,229F+01 RETADC= 9.874E+00Q GM= 2,329E-N3 ~ RPTz S,045E+(
30 ROT 1.148E+06 CPI=1.4a72E-12 CMils 1 ,Bd6E={3 BETAACE {,' SE+0
31 FT= 2,238E+08
32
I3 T NAME:T a3 MONDEL: RNO
34
35 IBs_2.751E-04_  IC=_S,.160E=05 VBEz 6,893F=01 VRC==1,296E+C
36 VCE= 1.361F+0)1 RETADC= 1.,876E+01 GM= 2,003E-03 RPTz 1,1S0E+C
37 RO= {.6S3E+0p CPI= 9.,461F=13 CMmii= 2,6R0F =13 BETAAC=E 2,302E«C
38 FT= 2.625F+04 e
39
a0 NAME: na MOOEL: RN)
a1
a2 T T iBET I, a7 0F =06 ICs S.729€8=15 VBES 6.333F=Af  VRCz=7,d74E=¢
a3 VCE= 1.,386F+N0 RETADC= | ,d4ANE+N] GM= 2,224E=03 RPIz 8,274F«C
, aa ROz 1.278F+N6 CPI= 1,5R3F-12 fMl= 6,784E=13 RETAAC= 1,.840FE«f
] ST T RTE T.SkAEVAs -
3 a6
47 NaME: QS MONEL: RN1Y
a8 SN0 3 e e . ——— e = .
a9 182 3.873F=06 ICz §5,727E=05 VBEz $,383F=01 VAC==6,493F s
! 50 ~ VCE=z 1,2R8F+N0 RFTADCE 1,479F+0} GUs 2,223%F«=N3 RPT= 8,267E«(
51 RO= 1,277F+0n  CPIz |,5R2F«12 ~ CMH= 6,8R2F=13 BETAAC= |,.338F«¢
Se FT=z {.558F«0A
A 53
] 84 NAME: e "7 MOPEL: RNYC
Ss
}
] 116




o

e . o R A i, . |

S6 IRz 1,903F=0p IC= 2.371F=0N5 VBFz 6,147F=01 VBCze2 ,876F=

§77 VCES 9,022E-0] RETADCET 1,22KE+0] GM3T9,05%F=04 RPTzZ 1,724E+
S8 RO= 3.129F+0¢ CPI= 1,372€E=12 CMUs 7,372E=13 BETAAC= 1,S61€E~
59 FTz 6.,8%2F+07
w0 e
61 NAME: R7 MODEL ¢ RN
62 L
83 185 1.902E=46 1C= 2.331F <05 VBEZ 6.147F=01 VACS=2,.876F =
64 VCE= 9,022F=01 RETADC= 1,224E+0} GM= 9,053E-04 RPI= {.724E+«
6S RO= 3,129F+0Np CPI= 1.372E=12 CMtIz 7,372E=13 BETAAC= 1.Sh1E+:
86 FT= 6.,832€+07
67
68 MAME: n3a MODEL: RPO
9
70 IRz=l,146F=05 IC==1,323F=04 VBEz==h,879E=n] VBC= | ,39RE«(
71 VCEz=1 ,447F+01 RFTADC= 1,13SE+0Y GMz 5,12SE=03 RPT= 2,586E+!
Te R0= §5,815€+05 CPI= 2.295E-12 CMif= |,774E-13 BETAAC= t,325E+(
73 FT= 3,29G6F+08
74
TS NZME:T @9 MODEL: RP1
76
77 182«2,788E=05 I1C==2,647€=04 VBFz=6,928E=01 VRC= 6.595E=(
78 VCE==1.3%52F+00 BETANC= 9.4395E+00 GM= |.024E=0¢ RPT=z 1.076E+(
79 RO= 2.198E+0S CPT= S,164E=12 CMiy= 7,18SE=13 BETAAC= 1.102E+«¢
80 FT= 2,771E+08
BT
82 NAME: Q10 MODEL: RP1
a3
B4 IA=={.07GF=05 IC==1.050E-q4d VBE==%,.595F=01  VBC= [.325E+¢
as VCE==1.391F+01 BETADC= 9.777E+00 GM= 4,077F=03 RPI= 2,864E+(
86 RO= 6,771E+0S CPIz= 2.814E=12 Cmiyz 2,580E=13 BETAAC= {.148E+¢
BY FTS 2.,259E+04
88
89 NAME: Qft MODEL: RNO
90
91 IRs 1,052€=0% IC= 2,7SSE=-04 VBEs 6,938E-01 VBC==1,.99SE +(
92 VCE= 2.06SE+01 RETADC= 2,61RE+N} GM= 1,063F=02 RPI= 2,871E+¢
g3 RO= 3,.311F+0S TPI= 1.964t=12 CMUS 2.d76E=13 BETAAC=E 3.051E+¢C
94 FT= 7.650€E+08.
95
Y6 WNAPE: dle MOUELT =NO
97
98 18 2,857F=ns ICz2 S.399F=05 VBEz 6,50KF=01 VBCE=1.,287E«¢
99 VCES 1,.352E+01 HETA0C= 1.B90C+01 GMS 2,00SF=073 RPT= 1.106E=¢
100 RO= 1.578E+0e CPI= 9,5R8%E=13 CMI= 2,684dF =13 BFTAACE 2,316E+f
101 FT= 2.718E+08
‘02 ’
103 NAME: @317 MODEL: RNt
104
105 1Bz~ 3.208F=0g — IC= d,5T3E<0S VBES 6.321E=01"  VArzZ=3,84ddF=¢
106 VCE= 1,016E+N0 BETADCZ 1,d0T7F+01 GMz | ,7S2E=03 RPT= 1.004F ¢
107 ROz 1,A1SE+Np CPI= 1,S10E=12 CMys 7,292€E=13 RETAARST 1 ,760F«¢
108 T FTZ [.,2486EeN8

109
110 NAME: Qla MODEL: RNY




e p—— o ——— i

111

112 777 TIB= | 449E-0S T IC=2T A AISF0T  VHE=S 6.B%0E=0] T VAC=e6,43IJE=(
113 VCE= 1.,326F+00 BETADC= 1.943F+0} GM= 1,089€-02 RPI= 2,.112€«¢
114 ROz 2,569E+0S CPI= 2,900F=12 CMii= 8,3A4F=13 BETAAC=E 2,299E+(
118 T FTE 8.613Be08 T T T T T T T T . i ’ o -
116

117 NAME: Q1S MODEL: 98P0

118 T - "“
119 IBze],932E=05 IC==2,384F =04 VBE==7,01af =01 VBC= 1,324E+C
120 VCE=~1,394F+01 BFTADC= 1,213E+01 GM= 9.0S54F=03 RPI= 1,.,540E«¢
{21 —— - ROz 3,014F+0S5 " "CPI="3,517E=12"" 7 CMI="1.816E=13 BETAAC= |,395E+¢
122 FT= 3,896E+03

123

128 RAMET 7% RMODECT  FANTLC

125

126 IR= 1,0RRE=-N5 1€z 1,997€=04 VBE= 6,731F=01 VBC= 0,000E+C
127 ‘VCEZT6,731E=-01 BETADCET1,83SE+01 ™ GM= 7,733F=n3 T RPTIZ2.840E+(
128 RO= 3.601E+NS CPIz 2,a28E-12 CMits 9,957E=13 BETAACS 2,196E+(
129 FT= 3,59SE+08

I30

131 NAMES 017 MODEL: RPILC

132

i337  IB==2.106F<08 IC==1.895F=04 VBE=-6.826E-01 VAC= 0.,000E+C
13a VCE==6,826F=N]1 BETADC= 9,001E+0( GM= 7.,341F=n3 RPI= 1.436E+¢
135 RO= 3,051F+0S CPI= 4,110E=12 CMU=z 1,013F=12 BETAAC=: 1,054E«+¢(
1335 FTs 2,281E+08

137

138 NAME: Q18 MODEL: RN1

139

140 1B= a,500€«06 IC= 8,.0843€=05 VBE= 6,433FE=01 VBC==1,326E+(
181 VCE= 1,390F+01 BETADC= 1,796E+01 GM= 3,138FE=03 RPT= 7,077E+C
faz RO 1,059€E+06 CPI= 1.653€E-12 CMU= 3.952€E«13 BETAAC= 3,221E+(
143 FT= 2,438E+08

144 _—

14 "NAME:T Q19 MODEL: RN1

146

147 18= {,171E=05 1C= 2,557F =04 VBF= 6.,756E=n] veCz=1,2R3E+¢
1a8 VCE="1,351E+01 BETADC= 2,184€+01 GM= 9.902F<03 ~ RPTI= 2,631E+¢
149 RQ= 3,308E+05. CPIz 2,535E=12 CMUS 4,.010F=13 BETAACs 2,60SE+(
150 FT= S.3458E+08

ist” T .

152 NAME: 020 MODEL: RNILC

153

154 182" 1. 3%6E=05 IC= 2,541E=04 VBES 6.801E=01 VBC= 0,000E+¢
155 VCE=s 6,801F=01 BETADC= 1,903F+01 GM= 9,831F=03 RPT= 2,301E«¢
156 R0= 2,425E+0S CPIz 2.744E=12 CMUZ 1 QR9E=12 BETAACE 2,263F+¢
{877 T FTs 4,080E¢08 - -
158

159  NAME: Q21 MODEL: ®ONa

160 ) -

161 182 2.3R4E=0S IC= 4,619F=04 VBF= 6.546F=01 VBC==1,430E«¢
162 VCEsS 1,496F+01 RETADC= |,9R8F+N} GM= 1,792E=02 RPT= 1.323F«¢
1637 RO= 1.874F+0S ™ CPIZ 7,iR{E=12 CMHz= 1,120E=12 RETAACST 2,371F«¢
164 FT= 3,444E+0R

165

118




T

< -

180 NAME:! 122 MOOEL: PPa

167
168 I182=4,513F=05 IC==4,520F=04 VAFzeh  617E=01 VBC= 1,430F«0
169 VCE==1,496F+01 RETADC= {.001F+0} GMz 1,7S4E=02 RPT2 6.,H08E+0
170 RO=T[.596F+05 — CPIT T,L0461F=1T  CMITE 7.320E=1378ETAACE T, 194E+0
171 FT= 2.862E+08

172

1737 NAMES Nn23 MONELT RNILT

174

17S I8= 3,R97F=0¢ IC= §,726F«0§ VBE= 6,38S5F«01 VBC= 0,000E+0
Y76 VCES 6,.3ASE=0{ BETADLS 1.069E+01 GME 2. 2R3E=0T  RPIT 3,213E+0
177 ROz 1.2664E+06 CPI= {.586E=12 Cmilz 8,371E-13 BETAACS 1,.826E+0
178 FT= 1.,460E«0A

7y

180 NAME: n2a MODEL: RNILC

181

{32 o= 3.3%6c-06 IC= 5.724k=05 VBES 6.3ASF=01 VBC= 0,000E+0
183 VCE= 6.335E«01 BETADC= {.4K”9E+N] GM= 2.222E=03 RPT= 8.,215E+N
184 RO= 1,267E+06 CPIz= {.586E=12 CMij= B,371E«13 BETAAC=S 1,82SF+0
185  FTr= [.460E+03

186 .

187 NAME: 02S MODEL: PRNILC

188

189 IB= 3.,698E=np 1€z S.3A4E=0S VBE=s 6.368E-01 VRC= 0.000E+0
190 VCF= 6,368F=0] BETADC= 1.4S1F«01 GM= 2,0R2E=03 RPTI= 8,672F+N
791 NUS 1,.352E+06 TPIS 1.564E=12 CMIJ= B.385E=13 BETRACS 1.806E+0
192 FT= 1.382E+08

193

TYi— NAMET 0Gfe _ MODEL? RPICC

195

196 IA==4,876E=06 IC==5,010F =05 VBE==6,d88Z2~01 V3iC= 0.000E+0
197 VCE==6.008F=0] BETADCS 7.286E+00 GM:= (.545E=N3  RPI= a,5°BE+0
198 RO= {,158E+06 CPI= 2.099€=12 CMU< *,9127 ~.% BETAACS 8.80SE+0
199 FT= 1,035E+08 i

200 B

201 NAME: 027 MODEL: RN1LC

202

203 TR 1.290E=05 IC: 2.440E=04 VBE= 6.783E=01 VBC= 0,000E+D0
204 VCE= 6.739F=01 BETAOC= 1,892E+01 GM= 9,441E=03 RPI= 2,.3RSE+C
20s ROz 2,829F+05 CPI= 2,687E=-12 CMiiz 1,065E=12 BETAAC= 2,.2952€E+0
906 FYZ 4,.0NSE+04

207

208 NAME: 028 MONEL: RNILC

209

210 [R= 1,290E-05 IC= 2.4a0F=04 VBF= 6,7R9E€E=01 VRCE 0,000F«¢
211 VCE= 6,789E=0] RETADC= 1,.892E+n GM= 9,441E-03 RPI= 2.3ASEecC
2127 T T R0=T2.829E+0S CPI= 2.,687€E=12 CMYE T.06SE=12 BETAACE 2,2S52€+¢
213 FT= 4,00SE+08

214

218 TNAMET QR29 T — MONEUT WANTLT

216

217 182 1{,.290F<05 1C= 2,440F =04 VBE= 6,7RQE=01 VBC=: 0.00QF+cC
218 T VCE= 6,7R9F<0t 3ETANC= 1,.892F+01 GM2T 9 AA1E=N3  RPTIS 2,3A8%E«(
219 R0= 2,829€+05 CPT= 2,6A7E=12 CMIZ 1,065E=12 BETAACS 2,2S2E«¢
220 FT= 4,005F+Np

e e e

T—
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222 NAME: 30 T MONEL:T 9ND

223
224 = I8=-7,394F-11 ICz 7,422€-11 VBE= 0,000E+00 __ VRAC==1,218E+N
22s VCE= 1,218E+01 BETADC==1,N04E+00 ~ ~  GMz=1,502F=14 RPI= 8,237F+1
226 RO= 3,378F+13 CPI= 4,500E-13 CMilz 2,70dF=13 BETAAC==~1,237E=0
227 _ FT=-3.318€-03
228
229 NAME: Q3 MODEL: RNQ
230 _ - e » e
231 I8= 2,800E-n¢ IC= S,4n1E=-0S VBE=Z 6,499E=n] VBC==1,504E+0
232 VCE=s 1,5A9€E+01 BETADC= {,929E+01 GM= 2,096E=03 RPT= 1,129€E+9
233 ROS 1.613F+06 CPI= 9,518F=13 CMU= 2,599E-13 RFTAAC= 2,3A6E+0
234 Fi= 2,753E+08
235
236 _NAME: Q332 MODEL: 8RN0
237
238 IB2 2,.801F-06 IC= 5,402F=0% VBE= 6,499F=01 VBC==1,504F+0
239 VCE= 1.569F+01 BETADC= 1,929E+0] GM= 2.097F=03  RPI= 1,129E+0
2480 RO= 1.b1LTE+0G CPI=z 9,S519F<13 Cmiyz 2,599E=13 BETAAC= 2.366E+0
241 FT= 2.754E+08
, 262
J 243 NAME: @33 MOOEL: RNO
H 244
i 2as 182 3,229€E=06 IC= 6,290E=95 VBE= 6,54KF=01 VAC==1,317€+0
| 246 VCE= {,332E+01 BETADC= |.948E+01 GM= 2,4U0E=03 RPT= 9,740E+0
! 247 RO= 1.358E+06 CPI= 1,003E~-12 CMI= 2,673E=13 BETAACS 2,377E+0
248 FT= 3,059€+08
| |
' 250 NAME: Q34 MOQNDEL: ®NO
! 2s1 :
@?S2 IRs 3.229€-06 IC: 6,290F=05 VBE= 6.906E<01 VBC==1.31TE+0
253 VCE=z 1,382E+0] BETADC= 1,94RE+01 GM= 2,440E=-03 RPT=z 9,740E+0
2Sa ROz 1.353E+06 CPI= 1,003E-12 CMi= 2,673F=13 BETAACS 2,377€«0
2S5 FT= 3.059€E+08
256
2S7__NAME: Q35S MODEL: RPO
258
2s9 18 a,335F~12 IC==4,a49€-12 VBE= 0.000F+n00 VACz {,0a4F+0
260 VCEz==1,084E+00 RETANC==1,003€E+N0 GM3=9,4R1E=16 RPI= 1.210F+1
261 A0S 7,094+ 3 CPI= 5,200E~13 CMUS 3,803E~13 BETAAC=~],147E=0
262 FTzel,676F«04
263
268 NAME: Q36 MODEL: WP1
265
266 18z 8,369F«t2 IC==A,898E~12 VBE2 0.000E+N0 VBC= 1,044E+0
r 2677 VCE=S1,044E«00 BETIDCEST . 00IF+00  6M=={,806ES1S  RPIZ 6.048E+1
§ 243 RO= 3,547E+13 CPIz §,5N0E~13 CMIZ S5,451E~13 BETAACS=],]147E=0
269 FTs=2,019E«04
- 4
271 NAME: Q37 MODEL: RPO
3 272
- 273 IR="4,435€~-12 7 T IC=~dTU9F=13 T vBFxz 0,000F+00  VBC= 1,084F+0
274 VCEze|,044E+00 BETADC==1,003E+00 GMz=9,481E=16p RPI2 1.210E«]
27s ROz 7.094F+13 CPI= S,200E=13 Cmils 3,803E=13 RETAACS=~),147E=Q
j
r
1 120




276 FTzel ,6THE=04
277
278 MNAME: Q38 MODEL: RN1
279
280 T T IRSS1,260F=1} fC= 1,264F <11 VBEZ 0,000F+A00 VACZ=1.03AE~
281 VCE= {.038F+00 BETADC==1,003F+nQ GM==2 ,559F=15S RPIs 4,119E«
282 ROz 2,.500F+13 CPI= 8,200F~=13 CMIl= p,2h3F=13 RETAACZ~]1,054E~
283 — FT3=2,816€-04
28a
285 NAME: Q39 MONEL: RNI
286
2487 I18z=1,260E-11 IC= 1,264E~1]) VBE=s 0,000FE+00 VAC=~-1,0%3E+
288 VCE=z 1,03aF+00 SETADC==1,003F+n0 GM==2,559€«15 RPT= 4, 19FE+
2879 ROz 2,500FE+13% CPY= 8.200E-13 LMIJ= 6.063E-13 BETAAC==1,054E=
290 FT==2,.31pE=04
291
2392 NamME: @40 MODEL: RN1
293
294 IR==f,240E~11 IC= 1,264E=11 VBES 0.,000E+00 VBC==1.038E«
295 VCE= 1.028E+00 BETADC=~1.003E+00 GM==2 ,599F =15 RPI= 4.119E+
294 RO= 2.S500E+13 CPI= 8.,200E=13 Cmiiz 5,263E=13 BETAAC=~1.054E=
297 FT==2,816E=04

, 298

’ 299 NAME: Qqai MODEL: RN1
300
k{131 I3==1.2R0F =11 ICs [.2hdE=1] VBF= 0.000F+00 VBC==1,.038E+
302 VCE= 1.038E+00 BETADC=~=1,003E+00 GM==2,559E=15 RPT= 4,119E«

' 303 RO= 2,500€+13 CPI= 8,200E~t3 CMU= 6,.263E=13 BETAAC=~],058E=!
30q F1==2.81RE-0J

\ 30S

; 306 NAME: Q4 MODEL: RPO

“ 30T

‘ 308 182 6.,316F=1} IC==h,341F=11 VBE= 0,000E+00 VBC= { 887E+«
309 VCEz«1.4RA7E+N1 RETADC==1,004dE+00 GMz==~] ,3S0E=12 RP1= 1.210E+
3T0 NUI= 4,903F+13 CPI= 5.2N0F=13 CMUS 1,.728E-13 BETAAL==],.033E~
311 FT==3,102€=03
312
313 NAMEY e I 91 MOLEL S WN4
314
315 IB==p.582F=11 IC= 6.603E=11 VBE= 0,000F+00 VRC=~=],356E+
T156 VCES 1.356E+00 BETADL==1,.003E+00 GM==],337F=14a RPT= 1.03DE+
317 RA= 6,199E+12 CPI= 3,200E=12 CMNZ 1 ,730F=12 BETAAC=S=] ,376E =
318 FTz=4,310E=04
I1s
320 NAME: Q44 MODEL: QNGO
321
322 T T 1R=e1, 2S5AE-lY [CsT1,262F=11 VBEZ 0,000E+00 "  VBLE=2,073Es"
323 VCE= 2,073E+00 BETADC==1,003F+00 GM=z==2,555E=15S RPT= 8,237F+«
324 RO= 4,.8A9E+13 CPI= 4,500F=13 CMiys 3,7R8F=13 BETAAC=~2,105E=
328 T FYz=4,907€%0a
326
327 NAME: n4s MODEL: RNO
328 -
329 132e4,301E=12 IC= 6.,321F=12 VRF= 0,000E+00 VEL2={,038F«.
3130 VCE= 1.,038E+00 RETADC==1,003E+00 GM==1] ,2R0€~15 RPTs 8,237F

121




33 RO= S,.N000F+13 CPTs 4,500E=13 CMIz §,227E=13 BETAANS=] ,054F =0
33277 T T FTze2,334E-04 I T
333
334 NAME:! Qak MONEL: RNO .
[ 338
2 336 [Bz=b ,301FE=12 IC= 6,321E-12 VBF= 0,000F+00 VBC3=1,032FN
1 337 VCE= {.,6338F+N0 BETADC=-1,.003F+00 GM==] ,2R0E=-1S RPI= 8.,2%7E~1
338  RO=TS,000E+173 CPI=Z 4,.S00E-13 CMUS 4, 227E-13 BETAACS=1,0S4E=0
339 FT==2,334F=04
- 340 —
] 3417 NABES QU7 MODELT RPO
3 3a2
] 343 IRs<1.420E=0S ICs=1,635E=04 VBE==6,90aE=01 VBC= 1.2R0E+0
: Y VCESST IUIE+0 1 BETADCT T.152E+71 GMT 6. 328E=03 RPIZ 2,.113F«0
1 3as RO= 4,304£+0S CPI= 2.691E=12 CMil= 1 .830E=13 BETAALS 1.337E+0
3ae FT= 3,505F+08
3 3’&7
b 338 NAME: Qa8 MODEL: wPO
] 349
3 350  18==1.021E=0% IC==1.637E=04 VBE==6,306E-01 VBC=S 1.2R2E+0
{ 351 VCE==1,351FE+01 BETADNC= 1,152E+01] GM= 6,335€<03 RPI= 2,111E+n
352 RO= 4,.301E+0S CPI= 2,692€E=12 CMii= 1 ,828E=13 BETAAC=E 1,337E+0
; “353 F1= 3.507E+U8 I
| 354
’ 355 NAME: Qa9 MODEL: RNO
358
I 357 18z 3.183E=04 IC= 6,156E-0S VBE= 6.,541F-01 VBC=~-1,2R2E+0
! 358 VCE=z 1.347E+01 BETADC= 1.934F+01 GMs 2,3R8E-03 RPI= 9,8R7E+0
385 RO= 1.383€E%06  oPI= 9.970E-13 CMil= 2,6B8€E=13 BETAACE 2,.361E+0
\ 360 FT= 3,003E+08
\ 361
1 363~ NANET 1059 MODEL: RN1
363
364 18z 9,015E=06 IC= 1,606E=04 VBE= 6,666E=01 VBC=eh,7S5E=N
365 VCEZ 1.3a2€+00 RFTAOCE [,781E+01 GMT 6.222E-03  RPTI= 3,849€+n
366 RO= 4,531E+95 CPIz= 2.192E=12 tMu= 7,388E~13 BETAAC= 2,146E+0
367 FT= 3.383E+08
368 -
369 NAME: §Sl MODEL: RNY
370
37y T T T IR 9 0(RE=Th IC= {,605E=07 VBET 6,.666E=01  VBCE=6,541E-n
372 VCE= 1.,321€E+00 BETADC= 1,.781F+01 GM= 0 ,221E-03 RPTI= 3,449E+0
373 RG= 4.530E+0S CPI= 2.192E=12 CMIl= 7,396E=13 BETAACT 2,146E+C
376 FTZ 3.377€E+043 =
375
’ 376 NAME: @S2 MODEL: ANY
37777 °° -
! 374 182 1.902€=04p IC= 2.334E=05 VBE= 6,.147E=01 VBC==3,698E=(
379 VCE= 9,88S€<-01 AFTADC=z 1,277E+01 GM= 9,067E=04 RPT= 1.724EeC
] 380 T T RO= 3.12RFe06  TTCPTIE 1.372F<12° T CMU= 7,201E-13 BETAACE 1,S563E+C
~ 381 FT2 6.,899E+07
382 L
383 NAME: 0nS3 MODEL: RNYT T T T -7 ) -
1 384
] 388 182 1.902F=08 _IC=z 2,3T4E=NS VHE= 6.1a7F=01 VBC=e3,698F =(
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386 VCE= 9.84SF=01 RETAQC= 1.227F+0} GM= 9,0A7E=0N4a RPI= 1,724F+0
3877 T RNZ 3,12AF 0 TTCPISTL L, 372F=12 T CMIiz 7, 201E-T3 BETAACE [,S63E+D
3aa FTz 6.899E+07

349

390 “NAME: TRS4 “MONELCT T RPD

3191

392 182=2,304F <05 IC==3,557E-04 VBF=s=7,150FE=n1 VACS 1.,2A7E+0
193 VCE==i1,359F+0T BFTA0CE 1.3mAF+0] GM= 1,3h9F=02 RPT= 1.0STE+0
394 RN= 1.96RF+NS CPI= 4.9RpE=12 CMiiz 1,84%E=13 BETAACS 1.439E+0
3195 FT=z 4.214€+08

L{-1)

397 NAME: 1SS MAONEL: RP1

398

399  IA==3.15aF=05 IC==3,051F=Na VBE==8,974E=01 "VBCS 6.691F=0
ago VCE=«]1.,366E+00 BETADC= 9,67SE+00Q GM= 1 ,179E=02 RPI= 9,486E+0
a01 RO= 1 ,90SE+0S CPI= S.744E=12 CMllz 7,404F=13 RETAAC= 1,119E+0
a0e FT= 2.B895E+08

303

804 NAME: QSe MODEL: RP1

a%s

306 I183~1,427E=0S IC==1,467E=04 VBEz=6,691F-01 VBC= 1,307E+0
307 VCEs=1,374F+01 RETADC= {.028E+0} GM= 5,692€=03 RPI= 2,140€+0
209 FT= 2.690E+08

atn

31T NAWE: OS7 ~ MODEL: ANO

412

a13 IB= 1.199E=0S IC= 3,192E=04 VBE= 6,9R3E=01 VAC=~=1,977E+0
AIE  VCES 2. VUTE+D] BETADLS c.hRIE+0I  GME T1,231E~02 “RPIE 2.509E+0
415§ RO= 2,844E+0S CPI= 2.171E=12 tMUz 2,48KE=13 BETAAC= 3,.087E+0
ate FT= 8.093E+04a

ar7

418 NAME: Q58 MODEL: RNO

a19

W20 I8s 2.970E<06  ICZ 5.6A5E~05 VBES 6.510E=01  VAC=~1.2R80E+0
a2l VCEz {,.345E+01 BETADC= 1.9505E+01 GM= 2.198E-03 RPT= 1.060E+0
a22 RO= {.S502E+0¢ CPIs 9,723E-13 tMUs 2,688F=13 BETAAC: 2,331E+0
TS FTS 2.813E+08

324

425 NAME: Q@S9 MONEL: RNI

a6

427 1B= 3.274E=06 IC= 4,543E-05 VBE= 6,322E=-n1 VBC==3,9%4E =0
428 VCEz 1,026nE+00 RFTADC: 1,409€+01 GM= |, 7H4E=N3 RPTI= 9,991E+0
Y29 RO T.RISE+D6  CPTIS [.512E~1a  CMIUS 1. 87SF={3 BETSACS 1.762E%0
430 FTs 1,254€E+08

431

432 NAME: QA0 "~ T TMODEL:T RN B R

433

ala IR2 1 ,h86E~NS I1C= 3,267E=04 VBE= 6.87SE-n1 VBC==6,845E=0
435 TTTVCE= 1,.,332€+00 BETADC=T[,SASEFN{ T ~ GM=T{,262F«027 T RPI=z 1,.85]1Ee+n
al6 ROz 2.209E+0S CPl= 3,165E~12 CMifz 9,40SF«13 BETAAC= 2,.337E«0
437 FT= 4,894E+08

43a

a39 NAME ! RA61 MONEL PO

440




Bidaa et

e . 0 A A

aay IR2= 3NaF=0Y IC==2 ARIF=0y VHE==7,077F=0] VBC= 1,30AF«0
442~ T VCE==1,373E+0) HETADCS 1.240F«+01  GM= 1,103E=02 ~~RPIz |,2A5E«0
443 RO= 2,460F+0S§ CPI= 4,139F=12 CMUIZ 1,829€=13 BETAAC= | ,417E+0
a4a FT= 4,0~3F+08

qag e A _ I
a4é6 NAME ¢ N6 MODEL RMILC

aa7 )

488 T T IR=T1,245E=05 IC= 2.341F<0y VBES 6.777E=01 VBC=Z 0,000E+nN
4489 VCE= &§,777€E-01 BETADC= 1,8R1E+0] GMz= 9,061E=03 RPIz 2.,472€+0
as0 __R0Oz 3,004E+0S CPIz 2,629E=12 CMIJ= 1,047E=12 BETAAC= 2,240E+0
asi FT= 3.923E+08

as2

aS3 NAME:! @43 MODEL: RPILC

453

455 IR==2,414F=05 IC==2,223E=04 VBES=6.87SE=01 vaC= 0.,000E+0
456~ VCE=-6,R7S5E=-01 BFTADCz 9,208E+00 GM=_8,60NSF=-03  RPI=z 1,248E+0
457 RO= 2,.600E+0S CPI= 4.582E<12 CMUs 1.053E~12 BETAAC= 1,074E+O
asa FT= 2,430E+08

as9 .

60 NAME: Bha MODEL: RN1

a6l .

a62 18z a,.6h2E=06 IC= 8,438E-05 VBEZ 6,88S5F=01 VBC==1,.320€+0
463 VCE= 1 .3A4dE+0) AETAOCE 1.810E+n] GM= 3.276E-03 RPT= 6,823E+0
a6a RO= 1.014E+06 CPIz= 1.,672€=12 €Mz 3,956E=13 BETAAC= 2,235E+0
ass FT= 2,522E+038

a66

367 NAME: 065 MOOEL: RN1

a68

a69° 18z [ 4T7E=09 IC= 3,197¢=0a VBFS 6.822E=01 VBC==1.27SE+0
a70 VCEz 1,.,343E+0] AETADC=s 2,256E+01 GM= 1,237E=02 RPI= 2.161E+0
a7} RO= 2.637E+05 CPIz 2,857E«12 CMU= 4,028E~13 BETAACS 2,672E+0
872 ~  FT= 6.037E+08§ T
a713

a74 NAME: R6s MODEL: RNILC

75 T -

a7e 1Bz {,65SE~0S IC= 3.173E-04 VBES 6.,870E=01 VBC= 0.,000E+0
a1? VCE= 6.870E=N] BETADC=z 1,917K+0} GM= 1,227E=02 RPI= | .,8R9F+0
878 T RO3 S,297E+04 " TCPI= 3, 121FE=12 T CMUs 2.252E-12 BETAAC= 2,.319E+0
379 FT= 3.5636E+08

380

‘8817 TNAME{ 367 MOGEL:T RNBC

a2

a83 [8= 3,954E=-09 IC= 7,.352E-04 VBEz 6,486E=01 VRCS=1.430F+0
(Y. 11 VCE= 1.39SE+N] BETADC: [.858F+N] GM= 2.8SUt=0¢2 RPT= 8.075€E+0
385 ROz | .179FeNS CPIz 1,307E~11 CMII= | ,848E=12 BETAAC= 2,290E+0
486 FT= 3,044E+08

287 -0 —
a88 MAME: (k8 MODEL: RPAC

489

490 T TT1Bz=7,312€=05 T ICE=T.027F=0Nd  VBFS-6.S54SF-NT VRCE [.427E+0
a9t VCEs=1 ,402€+N0] RETADC=E 9,611F+00 GMs 2.778E-n2 RPT1= 4,226F+n
292 RO= {,027EeaS CPIz 1,873E-11 CMi= 1,171E=12 BETAACE 1,153E+0
893 ° T FTs 2,182F«08 T - T -
a94

495 NAME:! Nka MOPEL: RNILC

—_—
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. e 1 AR YT~ < T 7, R e e A A A AT~ — - | .

533 VCE= 1.39RE+0] BETADCS=1.UNAE+0Q

496
497 T IAZ 9, 0k3F=0s [C= 1,605F<04 VBFEZ 6,668E=01 VAC= 0.,000F+N
398 VCE= h,.0hBF=01 RFTADC= |.771F«0} GM= §.,220E=03 RPt1= 3,4%0ED
a99 ROz 4,500F+05 CPIz 2.198E=12 CMiJ= 9,4832E=13 BETAAC= 2,134E+0
500 FTZ 3,151F+08
S0¢
S02 NAME: Q70 MONEL: FRNILC
503
soa IRz 9,063E=06 IC= {,60SE=0N4 VBE= 6,668F=01 VBC= 0.000E+0
S0S VCEz h,hh8E=01 BETADC= 1,771E+01 GM= 6.219E=03 RPI= 3,431F+0
506 ROZ 4,.500€6%05  CPY= e.198E=12  CMII= 9,432E-13 BETAACS 2,.133E+0
507 FT= 3.1S1E+08
508
509 NaME: A71 MODEL: ARNILC
510
511 IRz 4,127E=04 IC= 6,148E=05 VBE=z 6.4NdE=N] VBC= 0,000F+0
§12 VCE= 6.404F=0] BFTADC= 1.490E+01 GM= 2,3A6FR=03 RPI= 7,740E+0
513 RO= 1,179€E+06 CPI= 1.,611E=12 CMilz 8,403E=-13 BETAACS 1,.,84TE+0
Sia FT= 1.549€+08
515
S16 NAME: Q72 MODEL: RPILC
517

T==9, =06 =6, - VBE==h,5%/E=01 VBL= 0.000E+0
519 VCEz=6,537€=01 BETADC= 7,.,699E+00Q GM= 2,692F=03 RPT= 3,431E+0
520 RO= 8,.360E+0S CPI= 2.379E~12 CMU= 9,047E=13 RETAAC=E 9.236E+0
521 FT= 1.305E+08
s22
523 NAME: Q73 MOOEL: RNO
32q
525 IB==7,342F=11 IC= 7,369E~11 VBE= 0,000E+00 VBC==1.,210E+0
S26 VCE= 1.210E+01 BETADC==1,004E+00 GM==1,491E=14 RPIs 8.237E+!
Se7 RCE= 3.885E+13  CPI= U,S00E=I3  CWMOS 2.7U0BE=[3 BEVIACE=1,228E=0
528 FT=e3,292€«03
529
BS30  NAMEY Q73 MODECT RNI
s3
532 18=~1,815F=10 IC= 1,.,822E-10 VBE==1,944E=N3 VBC==],d9&F+0

GU==3.687E=1d  RPI(= 4,.1T9E+T

S3a RO= 1,837E+13 CPI= 8,193E=-13 CMtlz 3,843E=13 BETAAC==]1,S18E=0
s3s FT=e4,875E=03

53&

S37 NAME: 075 MQOEL: RPt

538

539 TN [.268E=10 TC==T.273F=10 VBE==1.9dGE=03 VBC= |.d93E+"
540 VCEz=1,893F+N] RETANC==1,004E+00 GM==2 ,445F~14 RPI=z S,72SE+1
541 RO= 2,451E+13 CPI= 9,507E-13 CMys 2,473E=13 BETAAC==] ,d00F=C
542 FTz=3,248E<0%

S43

Saa4 NAME: 1376 MODEL: RPO

54§

S46 182 S,108E«12 IC==5,124E=12 VBEz 0.000E+00Q VBRz 1,202E«¢
sa? VCEz=]1,202F+00 RETADC==1,0N3F+00 GMU==1,092€E=15 RPT= 1,210F«!
S48 ROSTIOSAESIY . CPlT §5,200F-13 (MIJ= 3,870€=13 BETAAC=S=1.321E=¢
sa9 FTze],959F =Ny

850
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5§51 NAME: 077 MODEL: RPt _ .
se2 } N , . . e e e

553 IRz 1,0722€-11 If==1,07S€=11 VBF= 0,000E+nQ VBC= 1,202E+0
5S4 VCEz=]1,202F+N0 BETADCs=1,003F+n0 GMz==2 ,184F=15 RPI= 6.,048€¢+1
58§ T ROz 3,529F+13  CPI= 9,S500E~13 ~— CMi= S,260E=13 BETAAC=~1,321E=0
556 FT2=2,355E=04a

557 L
SS8 NAME: "Q73 MODEL S RPD

559

560 IRz 5,108E=-12 IC=2=5,124E=12 VBF= 0,000E+00 _ VBC= 1,202F+0
541 7 VCE=ze],202E+N0 BETADC==1,003F+00 " ~— GM==1,092E~(S APT= 1,210E+1
562 RO= 7,058E+13 CPI= S,200E-13 CMUs 3,670€=-13 BETAAC==1,321E=0
563 FTz={,959F =04

sea” ==

565 NAME: Q79 MODEL: RN1Q

S66 - L
5§67~ IBZ=1.TITaE-11 1= 1.339c-11 VBES 0,000E+00 VBC==1,099E+9
S68 VCE= 1.099E+00 BETADC=~1,003E+00 GM==2,.710E=15 RPI= 4,119€+1
569 RO= 2,496E+13 CPI= 8,200€13 CMUZ 6,211F-13 BETAAC=~-1.116E-0
8Ty PFT==2,993E<04

S71 .

572 NAME: 0a&ao0 MONEL: RN

73

574 [Bs=1.33aE=11 IC= 1,339€E=1} VBE= 0.000E+00 VBGC==1,.099E+0
S75 VCEz 1.099€E+00 RETADC==1,003E+00 GM==2 ,T10E=1S RPI= 4,119E+1
143 RUS 0.496F+13 CPI= 8.200E-13 tMUS b6.211E=13 BETAAC==1,116E-0
577 FT==2.993E~-04

578

579 NAMET Qa1 MODEL: RNJ

580

sat I8z«{,.333€=11 IC= 1,339E-1] VBE= 0,000E+00 VBC==1,099€+0
sae VCEZ 1.095€E+0( RETADC=~1.003E+00 GU==2.710E=15 RPI= a.119E+1
583 ROz 2,494E+13 CPI= 8.,200F=13 CMU= 6.211E=13 BETAAC==1,116E=0
s8a FT==2,993E=04

535§

S86 NAME: @82 MODEL: RAN1

587 ) o
588 18==1,.333E=11 IC= 1,339F=11 VBES 0.,000F+00 VAC==1,099€E+0
589 VCE= 1,009F+00 BRETADC==1,003E+00 GM==2,710€E~15 RPI= 4.119E+!
590 ROz 2.896E+13 CPI= 8,200F=13 CMY= 6,211E=13 BETAAC==1.116E=0
€91 Fr==2,993E=04 ’
592

593 NAME: @83 MODEL: RPO

S94

595 182 6,717E=t1 ICs=6,788F=11 VBE= 0,000E+00 VBC= 1.,S81F«0
596 VCEze1,581E+01 BETADPC=~1,004E+00 GMz=1.436E=14  RPT= |, 210€«1
597" RO= a,807€E+{3 CPI= 5.200€E-13 CMUS 1.694E=13 BETAAC==],737E~0
598 FT=z=3,315E=03

599

600  NAME: Q84 MOOEL: RNAC -
601

602 1821 ,326E=10 I1C= 1,330E~-10 VBE= 0,000E+00  VAC==1,3ASE+0
603 T VCE=2 {.3ASE+00 RAETAQC==1,003Ee00 = GM=e=2,692E=14 RPT= S,1Qd8E+1
604 R0= 3,099F+12 CPI= 6,200€E=12 CMU= 2,855E=12 BETAAC==1,.386E-0
605 Flzed4,732F=04a

126
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306
507 T NAME: QRS T MODEL:T RNO

508

309 [Az=1,30tF={1 IC= 1,.30RE=11 VBFz 0,000F+A0 VBC==2,14SE+00
510 " VCE= 2.14SE+00 BETANCZ=1,003E«00 GMZ=2 ,643E=195 RPI= 8,2%7E+11
611 ROs 4,8A0E+13 CPI= 4.S00E-13 CMHz 3,7h6E=13 BETAAC==2,177€E=03
812 FTz=5,089F=04

Aameacs

127
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3.1
3.2
3.3
3.4

25"lit:st:-:'Iem:rc:anACa.nvr!.S’l:e!.'lBeSI’onses

Abbreviations for Process Variatiom

NR, NC: Nominal Resistors
Nominal Capacitors

HR, HC: 10% High Resistors
10% High Capacitors

IR, IC: 10% Low Resistors
10% Low Capacitors

129
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APPENDIX 4.9

NOISE SIMULATIONS

4.1 TRANSIENT GAMMA
4.2 THERMAL NOISE
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